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The “ORTHOTRON” 


4 Mev Electron Linear Accelerator 


A compact and economic source of high energy 
electrons for Industrial Irradiation Techniques 


such as: 

Controlled cross linking and degradation of long 
chain polymers. 

‘Cold Sterilisation’’ of pharmaceutical products 
and thermally unstable antibiotics even after final 
packaging. 


Write for Special Publication 7210/5 
and details of irradiation service for M E T RO POL TA N pei V C 4 E RS 
research and pilot plant purposes. ELECTRICAL CO LTO - TRAFFORD PARK MANCHESTER 17 
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. +. and produced this DUAL-PURPOSE VACUUM 
AND PRESSURE PUMP. 


The compactness of this unit together with its high 
speed, good steady pressure performance . . . reliable 
vacuum service ... the stubborn way in which it 
stands up to the most hazardous conditions even 
when working on continuous duties as an integral 
unit of production plant makes it a very popular 
unit for laboratories and factories. 
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Making a note oft it... 


Today, practically everything that instruments have to say to the 
observer can be recorded photographically, enabling transient and 
cyclic phenomena to be presented in permanent form for analysis 
and interpretation at leisure. 


All over the world, in research laboratories and on the production 
lines of industry, ILFORD sensitised materials play a vital part in 
thisimportant process, everywhere providing essential information 
for scientists and technicians who want to “‘make a note of it’’. 


PLATES, FILMS & PAPERS 





In the service of Science 


ILFORD LIMITED ILFORD LONDON 








. «+. an important and 
topical book for all 
who are interested in 
the future of industry... 


NUCLEAR ENERGY 
IN INDUSTRY 


by J. G. CROWTHER 


“Nuclear Energy” the new source of power from the nucleus of the 
atom, promises a new era of unlimited power. We stand upon the 
fringe of it, and will be witnesses of the changing character of industry 
as the fruits of research and development become available. The aim 
is to give some impression of what is afoot, and this book is written 
not for the nuclear scientist, but for those who will benefit from his 
work. It tells the story of development culminating in the building 
of nuclear power stations in this country and overseas, and describes 
the role of the radio-isotope in industry. 


100 photographs - = I7s. 6d. net (18s. 2d. by post) 








Also recently published 
PROGRESS IN 


SEMICONDUCTORS 


General Editor: ALAN F. GIBSON, B.Sc., Ph.D. 
American Editor: Prof. R. E. BURGESS, Vancouver, B.C. 
European Editor: Prof. P. AIGRAIN, Paris 

At the present time, when hundreds of papers on semiconductors 
and allied subjects are published and read every year, it is difficult 
for any one specialist to read more than a small fraction. This 
annual series of volumes is planned to meet the difficulty. A limited 
number of topics taken from the whole field of semiconductors will 
be included each year. Each volume will be fully international, 
papers being drawn from all available sources, academic and indus- 
trial. This first volume covers: Recent Advances in Silicon; The 
Germanium filament in Semiconductor Research; Theory of the 
Seebeck Effect in Semiconductors; The Electrical Properties of 
Phosphors; The Design of Transistors to operate at High Frequencies; 
Photo-Magneto-Electric Effect in Semiconductors; Field Effect in 
Semiconductors. Each article carries a list of references to original 
sources. 


Volume | 50s. net (5/s. 3d. by post) 
Published by HEYWOOD & CO. LTD. 


DEVELOPMENT 
OF POWER CABLES 


by P. V. HUNTER C.B.E., Hon. M.1.E.E., Fel.Am.1.E.E., M.R.1., D.F.H. 
and J. TEMPLE HAZELL, M.B.E., A.M.1.E.E. 


In this book an historical record of the development of the power 


cable is given from the beginning of the electricity distribution era‘ 


to recent times. The subjects shown are, with a few exceptions, to be 
found in the Electrical Section of the Science Museum, South 
Kensington—the majority of them forming part of the Hunter- 
Hazell Collection of Historical Power Cables, which is considered the 
most comprehensive in the world and contains a large number of 
unique specimens. A book of interest to engineers and students of 
all countries, which will be recognised as the standard work of 
reference on the subject. 


78 illustrations 


FROM ALL BOOKSELLERS 


... or in case of difficulty at 
post prices shown from... 


GEORGE NEWNES LTD 


Tower House, Southampton Street, London, W.C.2. 


25s. net (25s. 10d. by post) 
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- » » is a Simple matter with the 
GOLDER MICROFLEX EYEPIECE CAMERA 


Reflex action by first surface aluminised mirror, shutter operated by 9 in. cable 
release, and taking both plates and cut film, 34 in. x 24 in. Suitable for all 
microscopes taking standard 23:3 mm. eyepieces. Price £12 complete 


Leaflet M.46 containing full information obtainable on request from 


ALBERT GOLDER & CO. 


137 DAIRSIE ROAD, ELTHAM, LONDON S.E.9 
Telephone: ELTham 5126 

















University 
Correspondence College 





Science Courses 


U.C.C., with its staff of highly qualified Tutors, provides 
Courses of Study in Biology, Botany, Chemistry, Physics, 
Geography, Geology, Mathematics, Zoology. Full tuition 
is given for the General Certificate of Education (all 
Levels) London, Oxford, Cambridge, Northern, etc., London 














University Intermediate Science, and Final B.Sc. (General 
and Special), Engineering J.B. Prelim., Pharmaceutical 
Society Inter., and other exams. The College, founded 
1887, isan Educational Trust. Moderate fees; instalments. 


%* PROSPECTUS post free from the Registrar (48), 
BURLINGTON HOUSE, CAMBRIDGE 























COLOURFUL BRITAIN 


A beautiful colour book of some of 
the most picturesque scenery in Britain 


Price 8s. 6d. 
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A challenge to alert minds 


The great and swiftly growing petroleum 
chemicals industry, in which the Shell Chemical 
Company has always played a leading and 
pioneering part, is the one industry essential to 
practically all other industries. It is now supply- 
ing the major share of the nation’s chemical 
needs and opening up a new age of more 
efficient processing and better products. As 
Shell scientists delve ever deeper into petroleum, 


new base materials are being developed — 
materials that reveal fresh worlds of possibility 
for questing minds, that are stimulating new 
ways of thinking in many industries, from sur- 
face coatings to agriculture, from laundering to 
electronics. Here, for the adventurous, is the 
inspiration for new departures, to capture mar- 
kets and enrich living standards. In this new 
world of chemicals... you can be sure of Shell. 


SHELL CHEMICAL COMPANY LIMITED, NORMAN HOUSE, STRAND, LONDON, W.C.2 
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THE PROGRESS OF SCIENCE 


RESEARCH INTO RESEARCH 


Now that research takes such large sums of money out 
of the public purse, it is open to any indignant taxpayer 
to demand assurances that his money is properly spent— 
or that research is done in the most efficient way. But 
this is not the only, or even the most important, reason 
for the self-consciousness about the conduct of research 
which is now evident among professional scientists. 
Shortages of men are more important in determining 
what a laboratory can do than, in most cases, shortages 
of money. And few directors of research are not 
haunted by questions of how to get the best results out 
of their organisation. 

This was the practical inspiration of the conference 
on the Organisation of Research which was held at 
the National Physical Laboratory during the end of 
September. It was attended by more than two hundred 
people from Government and private research labora- 
tories in the United Kingdom, Canada, the United States, 
and on the Continent. The topics discussed ranged from 
practical questions like how best to administer a labora- 
tory’s budget to more esoteric ones like the old question 
of whether scientists become less creative as they grow 
older until eventually all but the exceptional ones are 
played out at around forty. 

But whatever agreement or disagreement there may 
have been on issues like these, few of those who attended 
the conference—and they included most of our distin- 
guished heads of laboratories—can have failed to be 
impressed with the slightness of our understanding of 
what makes research organisations tick. It seems that 
until now scientists have been so busy applying scientific 
method to their research that they have been unable to 
analyse in scientific terms the workings of their own 
laboratories. Admittedly the second task is always harder 
than the first. For example, it is comparatively easy to 
describe dispassionately the way in which protons are 
accelerated in a cyclotron, and much more difficult to say 
just what the importance of such a research tool may be. 
For no one can tell in advance what the outcome of a 
research programme is going to be; if he could, there 
would be no need of the research. This means that 
research is always a gamble and, consequently, that it is 
nearly always impossible to justify the scale or nature of a 
particular piece of research by making cast-iron promises 
in advance. Several speakers at Teddington drove home 
this point. 

Another difficulty which the conference emphasised is 
a human one. To a large extent, heads of laboratories 
and managers of industry have one problem in common: 
that of getting the best out of their organisation and out 
of the men who work in it. And, to make things more 
difficult for the research administrator, there were several 
suggestions during that conference that it is unusually 
difficult to make scientists conform to what might be 
considered good arrangements. Sir Edward Bullard even 
went so far as to say that, in his experience, all scientists 
were neurotic, and to imply that the proper running 


of a laboratory had something in common with the 
organisation of a psychiatric hospital ward. In these 
terms the view was not strongly echoed, but most 
people—including a Dutch and an American psycholo- 
gist—agreed that scientists were especially intolerant, 
or at least critical, of authority. Professional scientists 
are individualists, “in favour of anarchy but not chaos”. 
Under the circumstances, it was surprising to see a 
wide measure of agreement as to what should be the 
proper relationship between a head of a laboratory and 
his research staff. It was agreed that one of the most 
important aims in a scientist’s life was to win the esteem 
of his professional colleagues, and that he could there- 
fore be encouraged by being given a real sense of his 
belonging to a team. Persuasion and not direction 
should be the proper method of guiding a man’s 
research. 

By way of contrast, there was hardly any agreement 
at all on the proper relationship between industrial, 
Government, and academic laboratories. Prof. Bernal, 
for example, argued that more applied research, spon- 
sored by industry, should be carried out in universities 
and that industrial laboratories should pay more 
attention to the long-term needs of their industry. The 
first part of this thesis was vigorously disputed by Dr 
Willis Jackson, who, ironically enough, is head of the 
research organisation at Metropolitan-Vickers Electrical 
Co. Ltd, applied research, he said, would be incom- 
patible with the universities’ main task of training men 
who would solve industry's future problems, not merely 
its present ones. 

Luckily, the conference at Teddington has already 
been successful in stimulating thought on these problems. 
Whether we shall see carried out, as Prof. Bernal would 
like, a survey of the country’s research facilities so that 
it may be possible to deploy these to the best advantage 
is less certain. But any steps towards a critical self- 
examination of research are bound to be valuable. 
Research directors should not be ashamed if they have 
to rely on social scientists and anthropologists for the 


job. 


ASTRONAUTICS IN ROME 


About 400 delegates assembled in Rome in mid- 
September to attend the Seventh International Astro- 
nautical Congress. This was the largest attendance yet, 
and seemed to have been inspired partly by the many 
attractions of “the eternal city’) and partly by the know- 
ledge that before the opening of the next Congress an 
artificial satellite might already be in orbit about the 
Earth. 

Eleven of the forty-three papers presented were con- 
cerned with satellites of one type or another, but little 
information new to the delegates emerged concerning 
the constructional details of the U.S. satellite (Project 
Vanguard), either in the technical papers or in the special 
press conference on Vanguard held by the Head of the 
Public Relations Office of the U.S. Naval Research 
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Department, Cmdr P. G. Conwell. The construction of 
twelve Vanguard launching vehicles has been authorised, 
and the total cost of the whole project will amount to 
between twenty-five and twenty-eight million dollars, but 
as yet no date has been set for the launching of the first 
satellite. Indeed, a choice has still to be made between 
the two alternative third-stage solid propellant rockets 
being built, respectively, by the Grant Central Rocket 
Company and the Allegany Ballistics Laboratory. 

Most of the papers on satellites dealt with their 
behaviour and applications—the effect of the Earth's 
oblateness, mass distribution and atmosphere on the 
orbit of the satellite; its librations (oscillations about the 
equilibrium position); its use in studying upper atmo- 
sphere temperatures and in investigating interplanetary 
matter. Prof. S. F. Singer, of the University of Mary- 
land (see Discovery, 1956, April, p. 140), continuing 
his work on the MOUSE project, which played a large 
part in stimulating the setting up of Project Vanguard, 
has made a study of the radiation equilibrium and 
temperature of the MOUSE satellite. Prof. Singer also 
stated that special miniaturised instruments, smaller than 
any yet used, were being devised for use in the Vanguard 
satellite. 

The information obtained by the instruments is to be 
transmitted to the ground station by minitrack radio at 
a frequency of 108 Mc/s. Eventually the radio will fail, 
but much useful information about the orbit of the 
dying satellite can still be obtained by visual observation 
shortly after sunset or just before sunrise. Dr Fred L. 
Whipple, Director of the Smithsonian Astrophysical 
Observatory, announced the initiation of the optical 
tracking programme, under the code name MOON- 
WATCH. This programme is to be carried out by teams 
of skilled and reliable amateur astronomers equipped 
with large binoculars or telescopes, organised by the 
national astronautical societies in conjunction with their 
corresponding IGY committees. As at least the first few 
U.S. satellites are to travel in orbits lying wholly between 
the 40° parallels of latitude, British teams are not 
urgently required, but later launchings may be arranged 
to provide satellites in orbits passing nearer the poles. 
The Russian satellites, which have been announced will 
almost certainly follow such an orbit, since the farthest 
north and south reached by the satellite is at least as 
“high” as the latitude of the place of launching. In this 
country, therefore, plans are being made by the British 
Interplanetary Society to sett up MOONWATCH stations. 
The choice of near-equatorial orbits for initial launch- 
ings follows from the contribution that the Earth’s 
rotational speed (1000 m.p.h. at the Equator) can make 
towards the velocity of the satellite. 

Sooner or later, manned flight in space will be 
attempted, and space medicine and biology are being 
actively investigated by the services in the U.S.A. 
Conditions of practical weightlessness have been pro- 
duced for periods of up to 30 seconds by flying aircraft 
in parabolic paths. The majority of the subjects tested 
found the experience pleasant, some were indifferent, 
and a few suffered disagreeable effects. Whether the 


same results would be obtained if the weightless condi- 
tion could be maintained for hours or days is, of course, 
another matter. To investigate the effect of heavy 
primary cosmic radiation, small animals, seeds, and eggs 
have been given balloon flights of up to 30 hours at 
altitudes of above 30 km. (19 miles). Among the 
effects observed were injury to nerve cells and the grey- 
ing of black mice because of damage to hair pigment 
cells. The streaks of grey hair suggested radial spread 
of radiation effects twenty times the predicted values. 
The work is still proceeding, and as yet no estimate can 
be made of the health hazards for manned flight in 
satellites or high-altitude rockets. 

Other subjects covered during the technical sessions 
included the application of nuclear energy and solar 
power to rocket propulsion, lunar rockets, the behaviour 
of metals exposed to unstable combustion in the rocket 
engine, the thermodynamics of combustion, and legal 
aspects of space travel. Not much can be said on this 
last subject at the moment, but it is deserving of con- 
sideration now that the first stage in space travel is about 
to become a reality. 

Two notable events took place during the Congress. 
One was the admission of a Russian organisation to full 
voting membership of the International Astronautical 
Federation. It was the Astronautics Group of the Astro- 
nomical Council of the U.S.S.R. Academy of Sciences, 
and its representative was Prof. A. Sedov. Some doubts 
were expressed as to its eligibility to full membership, 
since it would appear to correspond to a sub-committee 
of the Royal Society in this country, rather than to a 
fully independent organisation with membership open 
to all suitably qualified persons. The Group has about 
twenty-six members. However, not only was it admitted, 
but Prof. Sedov was elected a Vice-President of the IAF; 
the new President is Dr Leslie R. Shepherd, of the Atomic 
Energy Research Establishment, Harwell, England. 

The second event was the visit of the delegates (inclu- 
ding Prof. Sedov) to Castel Gandolfo, where they were 
received in audience by the Pope at his summer resi- 
dence. The Pope said that he had been following 
astronautical developments with interest, stressed the 
parts played by the British and American societies, and 
stated that God set no bounds to man’s conquests when 
in Genesis He commanded, “‘Subdue the earth.” Pro- 
vided the moral aspects were not neglected, astronautics 
and the new knowledge that would be gained could only 
lead to a better spirit of brotherhood amongst men. He 
asked God to bless the delegates, their families, and their 
collaborators. 

The Congress was held in the magnificent Palazzo de! 
Congressi, and the proceedings were simultaneously 
translated into three other languages. As the organising 
society, the Associazione Italiana Razzi, has but 280 
members, it would hardly have been able to hold the 
Congress on such a scale were it not for the considerable 
assistance they received from the Italian Government 
and private industry. When Britain’s turn to organise a 
Congress comes round again, would similar assistance 
be forthcoming? It was absent at the London Congress 
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engineering physics 
branch of the military Staff 
College at Camberley Army 
Officers are studying the control 
system of a German V2 rocket. 


In the 


held in 1951 (at which the IAF was set up), but neither 
the U.S.A. nor the U.S.S.R. had a satellite programme 
at that time, and astronautics was considered to be 
beyond the pale. Apart from a few notable exceptions, 
British official quarters would still seem to consider it so. 
Yet the satellite programmes can be traced back to a 
project suggested by three British Interplanetary Society 
members at the 1951 Congress. Meanwhile, there is 
every evidence that astronautics will become a sizeable 
industry in the U.S.A. There is no intention to rest 
content with Vanguard; U.S. firms are already studying 
even more advanced projects. 


WEAPON DESIGN EXERCISES 


The Technical Staff Officer is a link and interpreter 
between the civilian scientist or engineer on the one 
hand and the fighting soldier on the other. He must first 
of all be a competent soldier, and the officers selected 
are of the same calibre and age (about 30) as those 
who attend the military Staff College at Camberley. He 
must be able to understand and converse on level terms 
with scientists and engineers. It is Army policy to accept 
for this course officers both with and without degrees 
in engineering and science, although the former are 
excused the first year of the Technical Staff Course. As 
to the latter, the problem is to train into possible 
engineer /scientists men of mature judgment and ex- 
perience who may not have touched any serious scientific 
studies for ten years. 

The present two-year Technical Staff Course at the 
Royal Military College of Science covers basic science 
in the first year and technology in the second. During 
this second year the student spends over half his time 
with one of the three military divisions of Weapons, 
Fighting Vehicles, or Fire Direction (which covers 
electrical and electronic devices). A Technical Staff 
Officer is predominantly concerned that the equipment 
produced is what the fighting man wants, and that it is 
produced as economically as possible. To assist in 
training the Technical Staff Officer in these matters the 











College has run a series of Design Exercises, the object 
being to compel the students to go step by step through 
work which would have to be done in real life in either 
the War Office or the Ministry of Supply. 

The setting usually poses some known military 
requirement with an explanation of the difficulties or 
reasons why a new equipment is necessary, besides 
Stating the essential conditions that the new equipment 
must meet. For example, the setting for a Fighting 
Vehicles Design Exercise might call for a new medium 
tank which must be air-portable. It would explain that 
in the past only very light tanks had been air-portable, 
but that the increasing size of aircraft together with the 
demand for greater strategic and tactical mobility have 
so altered the picture that an air-portable medium tank 
has become both a possibility and a requirement. The 
setting might lay down the maximum overall weight 
and dimensions, or the phase of a battle in which air- 
portability would be necessary, or the kind of aircraft 
into which it must fit. There would also need to be a 
general indication of the minimum armour thickness and 
of the fighting effectiveness required. Its performance 
on roads or cross country, range of action and whether 
or not the gun must have all-round traverse would 
probably be outlined. 

The students, working individually or in_= small 
syndicates, are required to indicate the “Military 
Characteristics” of the new equipment. The writing of 
these “Military Characteristics” usually entails dividing 
the requirements into “essentials” and “‘desirables”. The 
proper allocation of these categories is a delicate, vital 
matter. Failure to appreciate their significance might 
cost a country millions of pounds. 

The students’ papers on the “Military Characteristics” 
are then corrected and returned, and the next stage is a 
design study to meet the Military Characteristics. This 
study, which is in considerable detail and is supported 
by technical calculations, decides which of the various 
possible solutions should be adopted. It is equivalent to 
the work done at this stage in the Ministry of Supply on 
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an actual project. A heavy responsibility rests on the 
officer chosen as leader, who must divide the students on 
the course into syndicates and allocate their work. Toa 
lesser extent the syndicate leaders are also in a delicate 
position; if they undertake too detailed a study, results 
will not be available by the required date and the whole 
exercise will be put out of gear. For example, in the 
setting of the exercise referred to above, concerning an 
air-portable medium tank, weight would certainly be an 
important factor, so the course leader should tell his 
syndicates to carry out studies of the weight involved, 
and he should give a specific date by which he must 
have the results of these studies. One syndicate might 
take on the engine, transmission, and tracks, another 
the hull, a third the turret arrangements and a fourth 
the crew arrangements and stowage. Each syndicate 
would explore perhaps three alternative designs, and as 
well as assessing the weight of each would have to 
satisfy themselves that any they put forward would meet 
the Military Characteristics. Co-ordinating meetings are 
frequently arranged so that the requirement of all syn- 
dicates are kept in line with the overall requirement. 
These meetings are also valuable to the staff running 
the exercise, since they provide opportunities of keeping 
the exercise on sound lines and of assessing the students 
under realistic conditions. 

On the given date the whole course presents its design 
studies to the staff and announces recommendations. 
The staff accepts or modifies the solution and the course 
continues to the final stage of more detailed design. 

The design cannot be fully detailed, due to shortage 
of time, but the students are encouraged to concentrate 
on the critical and novel points. Syndicates check their 
proposals and design them in as great detail as time 
permits. Wooden mock-ups of components are often 
required, especially where the human body is a criterion, 
e.g. to decide whether loading a tank gun in the 
extremely limited space would or would not be feasible. 

At the preliminary design stage, and even more during 
detailed design, the students are allowed to ask for 
relaxations of the Military Characteristics, but to secure 
a relaxation they must convince the staff that it is 
unavoidable. 

The design study must be completed by a given date, 
which is governed by the time needed to prepare a 
report containing the setting and the student’s solution, 
with calculations and drawings. A report of 200 pages 
is usual, however much the staff try to.condense it. This 
is sent to all those invited to attend the presentation, 
who normally include senior officers and officials of the 
War Office and Ministry of Supply. For the presenta- 
tion, a full-scale mock-up of wood and canvas may be 
made, and every aid to clear and rapid exposition in the 
way of diagrams and charts is used. The students 
describe their solution, explaining why they have 
adopted certain features and remarking on any special 
difficulties; they answer questions and ask for criticisms. 
The presentation is then open to free discussion, and a 
senior officer assesses whether the solution is sound and 
valuable. 

The time scheduled for the exercise is a little less than 


100 hours out of a course total of nearly 1400 hours. 
Such is the enthusiasm of the students that they usually 
double or treble this out of their spare time. 

These Design Exercises bring the subject of the pro- 
cedure to life; teach individual students to work as a 
team; bring into use and consolidate a large part of the 
knowledge taught on the course; provide an opportunity 
for the staff to assess students under realistic conditions; 
give an opportunity for investigation of problems which 
may be of interest to the War Office and Ministry of 
Supply; and act as a forum for forward thinking. 

Similar “Design Exercises” dealing with industrial 
instead of military problems could easily be imagined. 
Wherever students are taught technology, they and their 
teachers might find such exercises of as much value as 
does the Royal Military College of Science. 


THE RADIO EXHIBITION 


Visitors to the National Radio Exhibition, Earl’s Court, 
on the preview day were agreeably surprised to find the 
stands completed and dressed with no sounds of last- 
minute hammering or sight of empty packing-cases. This 
augured well for an exhibition which, while containing 
no striking novelties, showed all-round _ technical 
improvements in both television and sound receivers. 
Emphasis this year was on high-quality reproduction, 
and over 200 receiver types were able to tune to the 
BBC frequency-modulated transmissions on the VHF 
band. It is anticipated that, by the end of the year, the 
Home, Light, and Third Programmes will be available 
to 85% of the population on the VHF wavelength. 

For the first time, a number of receivers incorporating 
transistors were shown. The types of transistor avail- 
able commercially can at present replace only one or 
two types of valve, besides being more costly, and their 
inclusion at this stage in their development is only justi- 
fied by economy in power consumption of battery sets. 
The technique of printed circuits has been applied to 
sub-circuits, such as converters and pre-amplifiers, and 
with success to complex components such as multi-way 
switches and filter units. The printing of a large number 
of contacts on a switch wafer is a considerable improve- 
ment over the more troublesome assembly of riveted 
contacts. 

Last year the first television tubes with electrostatic 
focusing were introduced by Standard Telephones and 
EMI Ltd., and this year all the 14-inch tubes by one of 
the largest makers (Mullard Ltd.) are of this type. It is 
claimed that the assembly and setting-up of the receiver 
are simplified and that there is less need for readjust- 
ment after the tube has been settled in. One of the 
luxury television receivers by HMV has a 21-inch tube 
giving “high-fidelity” pictures, with a twin loudspeaker 
system for high-fidelity sound on television and radio, 
including VHF: price 129 guineas. 

Apart from radio equipment, the principal items of 
electronic interest were found on the Post Office stand; 
some of them were hardly electronic, but were interest- 
ing, none the less. The Electronic Random Number 
Indicating Equipment (ERNIE) for selecting the 
Government Premium Bonds was shown in skeleton 


450 


—_——_——<+¢ 


forn 
be r 
gene 
app 
coul 
gene 
the 

this 
The 
in tl 
a fe 
fron 
valv 
men 
with 


Dep 
choi 
a sp 
the 1 


was 
rolli 
light 
are | 


syster 
cond 
The 


Y 1400 hours. 
t they usually 


t of the pro- 
to work as a 
ye part of the 
1 Opportunity 
ic conditions; 
oblems which 
1 Ministry of 
inking. 

ith industrial 
be imagined. 
hey and their 
uch value as 


Earl’s Court, 
-d to find the 
unds of last- 
g-cases. This 
le containing 
1d = technical 
nd receivers. 
reproduction, 
/ tune to the 
on the VHF 
the year, the 
be available 
elength. 
ncorporating 
Nsistor avail- 
Only one or 
tly, and their 
is only justi- 
battery sets. 
n applied to 
iplifiers, and 
as multi-way 
arge number 
ble improve- 
y of riveted 


electrostatic 
ephones and 
es by one of 
is type. It is 
the receiver 
for readjust- 
One of the 
21-inch tube 
loudspeaker 
1 and radio, 


pal items of 
Office stand; 
vere interest- 
»m Number 
lecting the 
in skeleton 


—? 





NOVEMBER 1956 DISCOVERY 


form, picking two digits, Each digit circuit (there will 
be nine in all) is entirely independent and contains two 
generators of random pulses which are produced at 
approximately 3000 per second. These pulses are 
counted in periods of 160 milliseconds by a master pulse 
generator and decade counting circuits which register 
the number of pulses in the period. The units digit in 
this number is then selected and indicated on the dial. 
The object of using two generators is to avoid any bias 
in the series of generated pulses which might arise from 
a faulty valve: the combination of a periodic series 
from a faulty valve with a random series from a good 
valve will result in a normal random series. The equip- 
ment can be pre-set to display only those numbers 
within a required range. 

Other items developed by the Post Office Engineering 
Department were an improved letter-sorter, giving a 
choice of 120 classifications as against the normal 48, 
a speech synthesiser, electronic telephone switching, and 
the usual speaking clock. 

An equally complicated clock “for amusement only” 
was shown by Mullard Ltd. The timing was effected by 
rolling ball-bearings down a glass tube to interrupt a 
light-beam-photo-cell combination. The pulses obtained 
are used to energise coils which pull round a chain of 
“magnetic gears’, i.e. wheels coupled by tiny magnets 
on their periphery. 


ANCIENT AMERICA 


The 32nd International Congress of Americanists was 
held in Copenhagen from August 8 to 14, 1956. The 
Congress was attended by anthropologists and archaeo- 
logists from twenty-three nations. Its object was to 
exchange information about scientific problems of the 
history and anthropology of the American continent. 

There was a good deal of discussion of the origins of 
Eskimo culture, inconclusive in the present state of 
archaeological investigation. The Russian delegation to 
the Congress compared early cultures of central Siberia 
with those of the North American mainland. From 
New Mexico came accounts of two mammoth skeletons 
in which flaked blades of the Yuma horizon were found. 
Unhappily, carbon datings were surprisingly variant. 
One skeleton was of about the expected date, ten 
thousand years ago, but the other, in which similar 
finely made stone points were found, yielded a date of 
thirty-seven thousand years ago. It was generally felt 
that this last date must be due to an admixture of older 
material in the samples tested. 

In the fields of Linguistics and Sociology, a good deal 
of general progress in detailed studies had been made. 
Interesting material came from Dr Jiménez, of El 
Salvador, who brought forward evidence of the proba- 
bility that the Nahuat language of the Pipiles was one 
of the oldest languages of middle America. Dr Zuidema, 
of the Netherlands, also gave a paper on the social 
structure of Inca society; it explained the story of Inca 
brother-sister marriage as a cross-cousin matrimonial 
system which was not understood by the early Spanish 
conquerors. 

The archaeological aspects of the Congress ranged 
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from the petroglyphs of Venezuela, the distribution of 
the very early Chavin-style sculpture of Peru, to the 
remarkable discovery of ancient Maya jewellery in a 
burial chamber built beside a temple-pyramid at 
Caracol, in British Honduras. This site of Caracol has 
also provided radio-carbon dates of special interest. 
They gave a date of A.D. 98 + 197 years. Even at the 
latest, these dates place the five square miles of 
Caracol among the earlier of the great Maya ceremonial 
centres. 

The main emphasis of the Congress happened to fall 
upon the reading of inscriptions. The Russian linguist 
Y. V. Knorozov read a paper describing how, working 
from the meagre data in the work of Bishop Diego de 
Landa, in the 16th century, he had elucidated a complex 
phonetic system combined with determinatives and ideo- 
grams by which he had been able to read some of the 
Maya Dresden Codex. Dr Barthel, of West Germany, 
showed how the majority of Knorozov’s glyphs had 
been deciphered by other means in the West, and how 
the two methods complemented each other. With the 
new exchange of information it seems certain that the 
reading of Maya inscriptions will soon be fully possible. 
In the field of Mexican pictography, Dr Alfonso Caso, 
of Mexico, demonstrated the reading of a Mixtec 
geneaological document in the National Museum at 
Copenhagen; and Mr C. A. Burland, of London, showed 
that an inscribed stela from Western Guatemala, written 
in the symbols of the Toltec culture, recorded a transit 
of Venus on the morning of November 25, A.D. 416. 

A most important by-product of the Congress was a 
discussion on Easter Island script. The manuscript dis- 
covered by Dr Barthel in Rome has enabled him to read 
the sacred wooden tablets. They are Polynesian in all 
ways and show no trace of American origins. This was 
confirmed by Mr Knorozov, who announced that Soviet 
linguists had tackled the same problem and made partial 
decipherments which coincided with Dr Barthel’s results. 
Intervening in the discussion, Mr Thor Heyerdahl 
announced that his recent work in Easter Island gave 
some material for radio-carbon dating “many centuries 
earlier than expected”. 


THYROID HORMONES 


The Ciba Foundation held an international conference 
on “The Regulation and Mode of Action of Thyroid 
Hormones’ in London in June last. Thirty-two scientific 
and medical research workers from many corners of the 
world were invited to take part. 

Prof. Harris, from the Maudsley Hospital, London, 
discussed the relationships between the pituitary, and 
the hypothalamus. He described the effects of prolonged 
electrical stimulation of the hypothalamus and pituitary 
gland on the activity of the thyroid, and then Prof. 
Courrier, from Paris, presented data on how this activity 
may be regulated. 

The influence of the central nervous system on the 
control of the secretion of thyrotrophin, a_ thyroid- 
stimulating hormone, was discussed by Dr Greer, from 
California, and Dr Purves, from New Zealand, talked 
about the relation of the pituitary cells in this connexion. 
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Reports of studies on the transport mechanism of 
thyroidal iodine, the effect of removal of the pituitary 
on organic iodine formation, and the “feed-back” hypo- 
thesis of the control of thyroid activity, were given by 
Dr Halmi, from Iowa, Dr Taurog, from California, and 
Capt. Brown-Grant, from Britain. A radioactive isotope, 
131]. is used in these studies. Iodine deficiency has a 
profound effect on the functioning of the thyroid gland, 
and the resultant effect on hormone synthesis has been 
studied by Prof. Querido, from Leiden. Some of the 
chemical aspects of the action of the enzyme, polyphenol 
oxidase, on various iodine derivatives of thyronine were 
discussed by Prof. Lissitzky, from Marseilles, in relation 
to the metabolism of thyroid hormones and their actual 
active forms. 

Studies on the mode of action of thyroid hormones 
have been hampered by lack of knowledge about the 
nature of the cellularly active hormone. Among the 
possible compounds which must be considered are the 
four known hormones produced by the thyroid gland, 
and all possible conjugates and degradation products 
which may be derived from these in peripheral tissue. 
Dr Lardy, from Wisconsin, presented quantitative data 
on the biological activity of many of these products as 
obtained from studies on the kidney. 

Prof. Roche and Prof. Michel, from Paris, said that 
metabolism of thyroid hormones may take two path- 
ways, deiodination, or oxidative degradation of the 
alanine residue. Dr Gross, from New York, and his 
collaborators have investigated the nature of the meta- 
bolites in plasma, bile and some organs chromato- 
graphically, thus discovering some hitherto unidentified 
substances. 

A continuation report on deiodination in vitro of 
tetraiodothyronine and triiodothyronine by liver homo- 
genates was given by Prof. Maclagan, from London. 
The results as a whole are in agreement with those pre- 
viously obtained in vivo by many workers, and suggest 
that the deiodination of these two compounds is a 
normal event in the animal body. 

Recently, numerous experiments have shown the 
importance of the liver in the regulation of thyroid 
hormone metabolism. As a result of studies in his 
department in the University of Lausanne, Prof. Vannotti 
concluded that the liver has an influence on thyroxine 
metabolism by regulating its biliary elimination and its 
inactivation in its glucuro-compound form, Experiments 
in vitro on liver slices with chromatographically pure 
thyroxine labelled with '*'I confirmed that the liver also 
plays a réle in the direct degradation of thyroxine, and 
showed that the catabolism of thyroxine in the liver cell 
is subject to the influence of different metabolic and 
hormonal factors. Thus it appears that liver plays an 
important part in the peripheral regulation of thyroid 
hormones. 

Dr Odette Thibault, of Paris, was concerned with 
metabolism of hormones in tissues in so far as it deter- 
mines their mode of action. She and her co-workers 
believe that the latent period of action of thyroxine 
involves a chemical change which is necessary before 
the hormone can exert its action, and they have been 
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experimenting to determine the nature of this change. 
They also presented some unpublished findings on the 
effect of very small doses of the triiodoacetic analogue, 
TRIAC, on the basal metabolic rate of the rat. They 
discussed the importance of their findings with regard 
to a new conception of the thyroid hormones and a 
consideration of their physiological réle, as dependent 
on, or conditioned by, metabolism at the periphery. 

In search of a better understanding of the cellular 
mechanism of action of thyroxine, many in_ vitro 
systems have been investigated, and Prof. Barker, from 
Alabama, in collaboration with others, has obtained 
scattered evidence for in vitro responses to thyroxine, 
primarily by kidney, but with such variability as to 
make interpretation difficult. 

Dr Trotter, of London, presented observations on the 
clinical effects of triiodothyroacetic acid; and Dr Long, 
of London, talked about bacterial infection with regard 
to the influence of the thyroid gland upon immune 
responses of different species. 

The meeting was under the chairmanship of Dr Rosa- 
lind Pitt-Rivers, of the National Institute for Medical 
Research, London, In his summing-up of the discussion, 
Sir Charles Harington, of the same Institute, said: 
“There is some satisfaction in the reflection that the 
great structure of the current physiological and _ bio- 
chemical work on the thyroid has been built in large 
part on the elementary facts concerning the chemistry 
and biochemistry of thyroxine that were discovered 
twenty to thirty years ago; one is indeed filled with a 
sense of something like awe when one sees the blossom- 
ing that can come from what, in retrospect, seem to 
have been a few simple and crude observations, when 
these are developed by later workers with more en- 
lightened approach and more developed skills.” 


RESEARCH IN TELEPHONE EFFICIENCY 


A telephone system should enable subscribers to con- 
verse with ease and privacy. Thus, among other tech- 
nical requirements, the generation of disturbing noises 
within the system and overhearing or “crosstalk” 
between different circuits must be controlled and suitable 
standards of performance are normally attained by 
appropriate design of cables and equipment. However, 
it is Sometimes uneconomical to maintain these stan- 
dards directly. For example a high level of noise may 
be inevitable at times on a difficult radio circuit, or a 
pressing need for extra circuits on some route may 
necessitate increasing the number of circuits carried by 
a cable beyond its designed capacity, resulting in 
excessive crosstalk. Acceptable circuits may still be 
obtained by keeping the signals at a high level and by 
making use of the fact that it is in the pauses in speech 
that noise and crosstalk are most objectionable, the 
interference being substantially masked by the speech 
sounds at other times. The “compandor”’, shown by 
the Post Office Research Station at a Royal Society 
Conversazione last summer, helps in both these ways. 
A compandor consists of two separate units, a com- 
pressor and an expander, each of which adjusts its 
amplification very rapidly according to the loudness of 
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the speaker’s voice. The compressor, which sends the 
incoming speech into the system, has maximum amplifi- 
cation for quiet speech and least for loud speech: this 
ensures that all signals are of reasonably high level 
and considerably louder than the interference. The 
expander, which is at the other end of the circuit, has 
least amplification when there is no speech present, so 
that any noise or crosstalk is inaudible during pauses in 
speech. When a signal arrives the expander amplifica- 
tion increases in step with the decrease in the com- 
pressor, restoring the original speech level. 

The Post Office Research Station has also developed 
an analysis synthesis speech communication system 
based on formant parameters. This attempts to com- 
press telephone speech into a compass comparable with 
that of a telegraph channel by transmitting not the 
original waveform but instructions to a synthesiser to 
generate new sounds conveying the same message. The 
controlling analyser operates with parameters closely 
related to the voluntary articulatory movements of the 
talker’s vocal organs. These are not observed directly, but 
are deduced from the sounds heard. The first distinction 
is between sounds of a humming character like the 
vowels, and those of a hissing character like s, sh, f. The 
analyser takes note of the loudness of these two types, 
and also of the pitch of the hum. It is then fairly easy 
to make an electronic device, the synthesiser, copy these 
humming and hissing sounds to imitate the action of the 
vocal cords, and the effect of forcing the breath between 
the nearly closed teeth; but something else is needed to 
turn such inarticulate noises into speech. The clue lies 
in the resonances which take place in the throat, mouth, 
and nose and modify the timbre of the sounds emitted. 
These resonances are called “formants” and are con- 
tinually moving up and down the frequency scale as 
different sounds are articulated. If the positions of the 
formants are measured in the analyser and similar 
resonances are introduced electrically into the syn- 
thesiser, speech sounds can be reproduced which not 
only convey the intended message but also retain the 
characteristic intonation, accent, and timing of the 
original talker. 

The system is only experimental at the moment, but it 
is hoped that acceptable commercial quality may even- 
tually be attainable, and that the control signals which 
have to pass between the analyser and the synthesiser 
may be as much as a hundred times simpler than 
ordinary telephone signals. 


TWO HIGH MOUNTAIN LABORATORIES 


On the top of Ben Nevis you may find, perhaps, some 
chocolate-paper wrappings drifting on the wind, and the 
ruin of what was once Britain’s only mountain observa- 
tory, closed since 1904. On the peak of Chacaltaya, 
17,100 feet above sea-level in the Bolivian Andes, you 
will come upon the stone buildings of a high-altitude 
laboratory which is accessible from La Paz by road 
throughout the year. 

This laboratory was the result of an enthusiasm for 
ski-ing on the part of Ismail Escobar V., professor of 
physics in the University of La Paz and director of 


Bolivian meteorology. The Club Andino Boliviano, 
founded in 1941, had decided to build a ski lodge, and 
Dr Escobar realised that it might also serve for making 
regular meteorological and other scientific observations 
at high altitude. The Bolivian Government became in- 
terested in the project, Mt Chacaltaya was converted 
into a national park, and a road was built up one 
gently sloping face. By 1943 Escobar was already 
taking meteorological readings. He then went, under a 
Guggenheim fellowship, to the Massachusetts Institute 
of Technology, and here Bruno Rossi, Director of the 
Cosmic-Ray Group, became interested in the ski-club’s 
scientific work. He suggested to Escobar that equip- 
ment should be taken to Bolivia to measure east-west 
asymmetries of meson intensity. A derelict aluminium 
prefab garage was repaired and set up near the ski 
lodge, and Escobar persuaded the University to provide 
a motor generator. By March 1952 the east-west 
asymmetry experiment was operating on the Chacaltaya 
High-Altitude Laboratory, 

Escobar had been collaborating with Cesar Lattes, 
Director of the newly formed Centro Brasileiro de 
Pesquisas Fisicas. Together they had been trying to 
expose nuclear emulsions for work on 2 mesons. Brazil 
has no very high mountains, so an agreement was made 
between the Brazilian Centro and the University of La 
Paz to make the Chacaltaya laboratory a joint enter- 
prise, the former providing a considerable part of the 
finances and most of the scientific manpower. 

A proposal to construct a power line from La Paz to 
Chacaltaya seemed at first hopelessly expensive, but a 
high-tension line from an abandoned mine was “lent” 
to the laboratory. This went into service in July 1954 
and is now being operated at 6600 volts. Both 120 volts 
and 240 volts are available in the laboratory. 

Besides being the world’s highest mountain laboratory, 
Chacaltaya is remarkable as an example of international 
co-operation. Marcel Schein, director of the Cosmic- 
Ray Group of the University of Chicago, sent a large 
cloud chamber to Cesar Lattes and Ugo Camerini, who 
installed the equipment in Chacaltaya. The Brazilian 
group is also experimenting on the densities of air 
showers and on nuclear mean free paths, and under the 
auspices of the University of Sao Paulo, Kurt Sitte 
brought equipment for a large air shower experiment 
from Syracuse University, 

R. W. Williams of the Massachusetts Institute of 
Technology suggested to Escobar that his east-west 
asymmetry equipment might be modified to carry out a 
study of possible sidereal time variations of extensive 
air showers. This experiment is now in operation. 

A serious handicap to the efficient running of the 
laboratory is the deterioration in mental efficiency after 
only a few days at high altitude. The workers usually 
live in La Paz, which is at 12,500 feet, and go up to the 
laboratory four days in the week. A person in good 
health can become reasonably well acclimatised to these 
conditions. 

The success of this laboratory is all the more astonish- 
ing when it is remembered that Bolivia is one of the 
poorest countries in South America. 
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A unique high-altitude observatory on the slope of 
the Hawaiian volcano, Mauna Loa, was dedicated on 
June 28, 1956, for joint use by the National Bureau of 
Standards and the U.S. Weather Bureau. The new 
observatory, located at a height of 11,134 feet, will 
make possible continuous observation of atmospheric 
phenomena with manned instruments in place of the 
unmanned meteorological balloons that have been used 
for the most part in high-altitude work. The advantages 
of this high-altitude observatory are due largely to the 
fact that it is situated well above the bulk of the dust 
and moisture contained in the Earth’s atmosphere. At 
the latitude of Hawaii a “trade wind inversion layer” 
usually traps the dust and moisture below about 
8000 feet. Other important advantages are its ready 
accessibility and relatively warm climate. Most of the 
other comparable observatory sites are buried in snow 
during winter and part of the summer. Also, the Mauna 
Loa observatory has the required altitude without the 
ruggedness that imparts turbulence to the surrounding 
air, and it is situated at a key point for studying the 
huge air masses of the tropics. 

The chief research results to be expected from the 
observatory are improved long-range weather forecast- 
ing and greater knowledge of solar and atmospheric 
radiation. Because the air masses of the Pacific are 
responsible for much of the weather that occurs in other 
parts of the world, data on these air masses may make 
it possible to forecast conditions in distant places. 

There is some evidence that the ozone content of the 
lower atmosphere in the tropics is associated with the 
formation of the large low-pressure areas that produce 
typhoons. Continuous measurement of atmospheric 
ozone may thus be of assistance in forecasting typhoons 
in advance. 

The observatory also offers possibilities for study of 
cosmic rays, total solar radiation, snow crystals, air 
glows, and possibly radioactive fall-out. In July, C. C. 
Kiess and C. H. Corliss of the U.S. National Bureau of 
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High-altitude observatory at 11,134 feet on the slope of Mauna Loa recently dedicated by the U.S. National 


Bureau of Standards and the U.S. Weather Bureau. The five-room building is of concrete blocks. The platform 
in the foreground and the tower at the right are used in making observations. 


Standards began a study of the moisture content of the 
planet Mars under the auspices of the National Geo- 
graphic Society. They used spectroscopic techniques to 
investigate the light reflected to the Earth from Mars. 
The location of the Mauna Loa observatory made it 
possible to reduce the effect of the Earth’s atmosphere 
on the planet’s spectrum. 

During the coming year Ralph Stair of the USS. 
National Bureau of Standards, who published an article 
on tektites in the October issue of DISCOVERY, p. 408, 
expects to begin a study at Mauna Loa on the distribu- 
tion of the spectral energy from the sun. Such infor- 
mation will be of value in determining the effect of the 
sun's rays in connexion with high-altitude equipment, 
space flights, and man-made satellites. This work will 
also furnish data on the solar constant and information 
on solar intensities. 

The new observatory is a concrete-block structure 
situated about 2500 feet below the summit of the moun- 
tain. It contains five rooms, also a tower and a broad 
open platform for observational use. Present accom- 
modations allow a maximum of six observers to use the 
buildings at any one time. A smaller structure was built 
at the summit in 1951-2, but the limited observations 
that were taken there were discontinued in 1954 because 
of the extreme difficulty of traversing the trail to the 
summit. 


COLOUR MATCHING AND A COLOUR 
MONITOR 


People with normal colour vision can distinguish several 
thousand colours but they differ from one another in 
their ability to separate colours which are very similar 
and to make accurate colour matches. The Inter-Society 
Color Council of America have introduced a Colour 
Aptitude Test designed to assess this ability. The test 1s 
not designed to diagnose colour-deficient vision—‘‘colour 
blindness*—although a person with colour-deficient 
vision is unlikely to do well at it. 


454 








ntent of the 
tional Geo- 
>chniques to 
from Mars. 
ory made it 
atmosphere 


of the USS. 
>d an article 
ERY, p. 408, 
he distribu- 
Such infor- 
effect of the 
equipment, 
s work will 
information 


k structure 
f the moun- 
nd a broad 
sent accom- 
s to use the 
re was built 
»bservations 
954 because 
trail to the 


OUR 


uish several 
another in 
ery similar 
nter-Society 
d a Colour 
The test is 
yn—‘‘colour 
yur-deficient 


NOVEMBER 1956 DISCOVERY 


met 


an - the recent British nuclear weapon explosion at Maralinga Test Ground on September 27, 1956. One point is 

po p eee nog us a The rocket tracers in the sky show a new interlacing pattern. Previous photographs published 

side pe —— ean a — — rising vertically from the ground and parallel to each other, on either 
ces originate Irom rockets fired shortly before the explosion in orde >k wave 

by the bomb. (Photo: Associated Press.) Pp der to evaluate the shock waves caused 


455 








NOVEMBER 1956 DISCOVERY 


The test consists of a board about 18 inches by 
14. inches with four rows each containing twelve 
coloured plastic chips size 1 inch by 1} inch. Those 
in the top row are blue: the second, red; the third, 
green, and the fourth, yellow. All the chips in any one 
row differ slightly from one another. The subject is 
given, one at a time and in random order, forty-eight 
similar plastic chips, each of which matches one of the 
chips on the board. He holds his loose chip against 
each chip on the board in turn and notes the chip on 
the board that he thinks is the closest match. 

The score given for each match made is graded 
according to the closeness of the match. For instance, 
an exact match may score three but there may be other 
chips on the board that would give a score of two or 
one if matched with the same loose chip. The scoring 
has been assessed from a statistical analysis of the 
matches made by two hundred subjects before the test 
was put on the market. The maximum possible score 
is 109, but the results are usually given as the gradings: 
excellent, good, fair, or poor, as differences of less 
than five between scores are not considered significant. 

The rating gained by a subject gives some idea of 
how suited he is for tasks involving close colour match- 
ing, although for some jobs, such as the formulation of 
paints or dyes, other skills—the ability to predict the 
result of adding a given dye to a mixture—may be more 
important. 

Accurate colour vision is, indeed, now becoming 
increasingly necessary in many industries. During the 
post-war years, for instance, there has been a phenom- 
enal growth of colour printing, particularly in popular 
periodicals, on wrappers, and in cartons. Concurrently, 
the public has developed an increasingly critical eye for 
colour, and printers have been faced with the problems 
of maintaining uniformity of density and shade over 
long printing runs in spite of the complex chemical and 
physical factors in printing which bring about con- 
tinuous variations in the amount of ink being transferred 
to the paper. 

Perception of these ink variations on the printed sheet 
is made difficult by changing lighting conditions and 
fatigue of the eye which makes it become less sensitive 
to changes as the day's work progresses. Furthermore, 
inks may change slowly in appearance as they dry on 
the paper so that in comparing a fresh sheet from the 
press with another that may have been printed hours or 
days previously, an allowance must be estimated for the 
different'states of dryness. 

These problems which the industry experienced led 
the Printing, Packaging, and Allied Trades Research 
Association to initiate development work in_ their 
laboratories at Leatherhead in order to devise an instru- 
ment which would aid the printer in detecting changes 
in print density. The outcome of this work is a proto- 
type Colour Monitor which has now completed several 





months of trials on a small lithographic printing 
machine. The Monitor includes a photo-electric scan- 
ning head which is attached to the press and measures 
the density of a small area of ink on each sheet as this 
moves through the press, the measurement being 
achieved in a few milliseconds during high-speed print- 
ing. Readings are indicated on a meter and are “stored” 
until the next sheet reaches the scanning head, so that 
the printer has virtually a continuous indication of the 
density. Since measurements are always made on fresh 
prints there is no error due to comparing wet with 
dry ink films. The system is designed to function 
independently of shop lighting conditions, and a high 
standard of consistency has been reached. It is 
applicable both to sheet-fed and web-fed printing 
machinery. Patra is arranging to hand over the design 
to a manufacturer so that the Colour Monitor can 
become available to printers at home and overseas. 


TRANSLATING MACHINES 


In the item on the Royal Society visit to Russia in the 
August issue of DISCOVERY, p. 309, mention is made of 
the translation machine of the Institute of Scientific 
Information in Moscow. Dr Mary Cartwright, a 
member of the Royal Society delegation, writes that this 
is the BESM high-speed electronic digital computing 
machine developed by Academician Lebedev at the 
Steklov Institute of the Academy of Sciences. Dr Cart- 
wright saw the machine; it is very large and is arranged 
in sections, each of which can be disconnected for 
servicing or modification, It is used for many different 
types of problem and for experiments on the design of 
machines. Its use for translations has actually been dis- 
continued owing to the high cost of programming. On 
a later occasion, a linguistic expert mentioned the 
necessity for pre-editing into a form that the machine 
would take, and also for post-editing. This Russian 
expert seemed to consider it very unlikely that satisfac- 
tory translations could be obtained unless as much or 
more time and trouble were spent on each translation 
than is required for ordinary translation. 

Dr A. D. Booth, of Birkbeck College, also commented 
on translating machines at the recent British Association 
meeting. The machine, he said, must have the ability to 
distinguish stem endings, so the “dictionary” which is its 
store, and which contains from 1000 to 8000 words, is 
divided into two parts, the first of which contains the 
stems of words and the other of which contains all the 
possible endings. Thus, when translating amat, the 
machine translates am- from dictionary I and -at from 
dictionary II, giving lov-es. The machine must also be 
able to recognise idioms, They are therefore listed 
under the key word so that the machine meeting boite 
will translate it as “box”, but will know that boite de 
nuit is a night-club. 
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EDMUND HALLEY 


(1656-1742) 


HERBERT DINGLE 


Edmund Halley, the tercentenary of whose birth falls 
this year, was one of the most remarkable of scientific 
men in an age that abounded in them. It was charac- 
teristic of the early Royal Society, which owed so much 
to the inspiration of Francis Bacon, that it should take 
all knowledge for its province, and the versatility of 
men like Hooke and Wren seems in these times of 
intense specialisation to be a lost art. But that of Halley 
was conspicuous even in his own setting. He not only 
worked in the most various fields but achieved distinc- 
tion in them and left science permanently the richer for 
his labours. His activities were as deep as they were 
wide. Our debt to him is immeasurable. 


HALLEY’S EARLY LIFE 


He was born on October 29, 1656 (OS), November 7, 
1656 (NS), his father being an originally prosperous 
tradesman who, however, suffered considerably by the 
Great Fire of London. His early education was received 
at St Paul’s School, from which in 1673 he went to 
Queen’s College, Oxford, with a mind wide open to the 
powerful scientific influences of the time and a deter- 
mination to become an astronomer. He accordingly 
devoted himself to the appropriate studies and, being 
apparently entirely free from self-consciousness, entered 
into communication with the leading astronomers of the 
day, at home and abroad. Being equally free, however, 





Portrait by R. Phillips 


from false conceit, he abandoned his early impulse to 
compile a better catalogue of the fixed stars than any 
then existing on discovering that Flamsteed, Hevelius, 
and Cassini were already engaged on this task, and he 
had no desire to be “cackling stupidly among such 
Stately swans’. He nevertheless made other contribu- 
tions to astronomy, remarkable in one so young, during 
his undergraduate career, and before he was twenty 
years of age he found scope for his desire to produce a 
stellar catalogue in the fact that the stars of the southern 
hemisphere had never been mapped. His zeal gained for 
him a letter from King Charles II securing free passage 
on the ship Unity to St Helena, where a year’s observa- 
tions, unfortunately in very unfavourable weather, 
enabled him to give the positions of 341 southern stars. 
Halley's remarkable ability to convert abstract ideas 
into concrete facts without the preliminary practice 
which most find necessary is illustrated by an incident 
during his voyage in 1698-9 to study the variation of 
the compass in the Atlantic Ocean. He was commis- 
sioned captain of a vessel for this purpose, and the 
annoyance of a member of the crew at a landsman 
being placed in command led to Halley taking over the 
work of navigating the ship and bringing it safely home. 
His disinterested love of science is shown by the fact 
that for many years he acted as Clerk to the Royal 
Society—which meant sacrificing his Fellowship—and 
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enjoyed themselves. 


he made no complaint when his arrears of salary were 
paid in the form of fifty copies of Willughby’s “History 
of Fishes” and later another twenty copies. He was a 
boon companion of the young Peter the Great during 
the latter’s stay in England, and was sufficiently versed 
in feminine matters to choose a new silk gown of the 
latest fashion for Madame Hevelius. In addition to 
astronomical and physical investigations he was the 
pioneer of all insurance tables of the expectation of life, 
he conceived an ingenious device for calculating the 
acreage of the counties of England, produced an 
emendation of classical texts, determined the place of 
landing of Julius Caesar in Britain, and, in fact, was 
ready to turn his hand to anything that seemed to call 
for inquiry. His Clerkship of the Royal Society was 
followed by occupancy of the Savilian Chair of 
Geometry at Oxford in 1704 and his succession to 
Flamsteed as Astronomer Royal in 1721. This post he 
retained until his death in 1742, 


HALLEY AND NEWTON 


It is no disparagement of Halley’s genius to say 
that his greatest service to science lay not in his own 
scientific work but in the success of his efforts to give 
to the world the work of another. There are two 
reasons for this. The first is that the other man was 
Newton, and his work the researches recorded in the 
“Principia”, the most famous and influential of all 
scientific books. The second is that Newton’s peculiar 
temperament was such that no one but Halley could 
have persuaded him to write and publish the immortal 
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Contemporary view of Deptford at the end of the 17th century. Here Halley and Peter the Great met and 
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work. In the words of De Morgan, “but for him, in all 
human probability, that work would not have been 
thought of, nor when thought of written, nor when 
written, printed”’. 

The great problem in dynamical astronomy about the 
year 1680 was to discover a law of gravitation which 
could be proved to entail Kepler’s laws of planetary 
motion. An inverse square law was thought of, but the 
proof was not forthcoming. Hooke had tried to sound 
Newton on the subject, but although, as it afterwards 
transpired, Newton had already achieved the proof, he 
resented intrusions on his privacy and would say 
nothing. Undaunted by this, Halley in 1684 went to 
Cambridge, violated the “still unravished bride of quiet- 
ness”, and elicited the fact that Newton had solved the 
problem but had lost the solution. Halley made a second 
visit, induced Newton to repeat his proof and follow it 
up by working out its consequences, and received the 
first book of the “Principia” in 1686. He persuaded the 
Royal Society to publish it, and when that body repented 
of its promise on account of the expense, he immediately 
offered to defray this himself, and actually did so. He 
also paid for the other two books which followed, and 
the whole work was published in 1687 with a Preface in 
which Newton acknowledged Halley's share in_ the 
undertaking and Halley included a tribute to Newton in 
Latin hexameters. De Morgan’s comment is thus the 
literal truth, and it shows clearly enough how far beyond 
his contemporaries Halley stood both in the under- 
standing and management of men and in the recognition 
of the supreme importance of Newton’s achievement. 
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THE COMET AND OTHER DISCOVERIES 


Halley is most widely known, of course, for his iden- 
tification of the comet which now bears his name, but 
his cometary investigations extend far beyond the mere 
searching of ancient records for evidences of periodicity. 
It followed from Newton’s law of gravitation that 
comets should move in conic sections, but there was no 
reason to suppose that these were ellipses rather than 
parabolas or hyperbolas, and therefore no reason for 
expecting any particular comet to return. Suitable 
methods for calculating the paths of comets did not 
exist, and the observations were subject to considerable 
error. It was Halley who first devised a practical method 
of computing cometary orbits, and he applied it to such 
observations as there were. He saw clearly that the per- 
turbations of a comet arising from the influence of other 
bodies would be much greater than those of a planet, 
and although he was not able to calculate them pre- 
cisely, he estimated the direction in which they would 
tend and gave a successful prediction of the year (1758) 
in which “Halley’s comet” would return. He did not, of 
course, expect to be alive at that time, but remarked 
that, if the body should appear, “impartial posterity 
will not refuse to acknowledge that this was first dis- 
covered by an Englishman”, 

No discovery of Hailey’s has had greater influence 
than that of the proper motions of stars. Almost up to 
his own day the stars were generally believed to move in 
perfectly circular orbits, all in exactly the same period, 
round the Earth, so that their relative positions remained 
the same. The gradual acceptance of the Copernican 
view carried with it the belief that this motion belonged 
to the Earth and not the stars, which remained eternally 
stationary. Halley showed, however, that at least three 
stars—Aldebaran (which he called Palilicium), Sirius, and 
Arcturus—must have changed their relative positions 
since the time of Ptolemy, or we would have to suppose 
that three reputable observers—Ptolemy, Timocharis, 
and Hipparchus—had all made errors of observation 
agreeing with one another and much greater than could 
reasonably be considered possible. Thus was introduced 
the idea that each star has its own peculiar motion in 
space, which has since been amply confirmed and on 
which so much of our knowledge of the structure of the 
universe depends. 

While in St Helena, Halley had observed a transit of 
the planet Mercury across the face of the Sun. It im- 
mediately occurred to him that a comparison of the 
times, as observed at different places on the Earth, at 
which apparent contact was made between the planet 
and the limb of the Sun, would afford a determination 
of the Sun’s distance from the Earth in terms of the 
distance of Mercury. Unfortunately Mercury was so 
far from the Earth that its parallax was very little 
different from that of the Sun, so the method would not 
determine the Sun’s distance with great accuracy, but a 
similar observation of a transit of Venus, which had a 
much greater parallax, should yield a much more 
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accurate value of the Sun’s distance than any previously 
obtained. This distance is, of course, of fundamental 
importance in astronomy. Halley’s argument was per- 
fectly sound, and the method was tried during subse- 
quent transits of Venus, which all occurred after Halley’s 
death. Unfortunately, the diffusion of the Sun’s light by 
the atmosphere of Venus prevented consistent observa- 
tions of the moments of apparent contact of the planet 
with the Sun’s limb. The suggestion, however, affords a 
good example of the typically forward-looking nature of 
Halley’s thought. It was characteristic of him to provide 
a programme for future generations to follow. 

This is nowhere more conspicuous than in his work 
in geomagnetism. In addition to a number of smaller 
but still important investigations in this field, he 
emphasised the desirability of preparing charts of the 
magnetic elements all over the world, and himself took 
observations for this purpose in the Atlantic Ocean. In 
1701 he published a chart of the variations of the com- 
pass in that ocean, and in the following year a similar 
chart for the whole world. Some of the methods of 
representation which he adopted—in particular the use 
of isogonal lines—have since become standard practice 
in these matters, and the absolute necessity of making 
such world-wide observations is now a commonplace. 
The value of this type of research was immediately 
recognised, and in 1701 Halley was commissioned by the 
Admiralty to carry out a survey of the tides in the 
English Channel. 


A HAPPY MAN 


Halley, more than anyone, typifies for us the spirit of 
universal and enthusiastic inquiry which animated the 
minds of the “new philosophers” of his day. After 
centuries of interpretation of nature in terms of pre- 
conceived principles, the world had suddenly become 
new, something to be examined with free minds un- 
restrained by any necessities of thought other than the 
inescapable claims of pure reason. While one man 
worked in this field and another in that, Halley seemed 
to have the freedom of all, and on whatever he looked 
he threw light. And he did more: he not only threw 
light but opened the eyes of his contemporaries and 
successors to receive it. He solved problems, and diffi- 
cult ones, but still more he revealed them and pointed 
the way to later solutions. There is probably no one in 
the history of science who has opened up more and 
more diverse paths of inquiry for his successors. He 
must have been a very happy man. 


To celebrate the Halley Centenary the _ British 
Astronomical Association is publishing a Memoir which 
will contain three articles: ‘‘Halley’s Astronomical 
Heritage’ by A. Armitage; “Halley the Man and his 
Work” by C. A. Ronan; and “The Effect of Halley's 
Astronomical Work on Later Astronomy”, also by 
Ronan. This Memoir is available at Ss. from the 
British Astronomical Association, 303 Bath Road, 
Hounslow West, Middlesex. 





CONDITIONING AND PERSONALITY 


by 
H. J. EYSENCK Ing 
Professor in Psychology, University of London. From the Maudsley Hospital, Denmark Hill, London _ 
the 
H. J. Eysenck was born in Berlin in 1916 and left Germany _ well as a Pelican, “Uses and Abuses of Psychology’. The to ¢ 
in 1934. A fter studying French literature and history at Pelican book was written for the specific purpose of telling unit 
Dijon University and English literature and history at Exeter the hypothetical intelligent layman something about the con- ; 
University, he took up psychology at the University of tribution which psychology could make to society at the wores 
London, obtaining his Ph.D. in 1940. During the war, he — present moment, as well as about the contribution which it mn 
worked as psychologist to the Mill Hill Emergency Hos- could not make in spite of some people’s grandiloquent refle 
pital, one of the largest psychiatric hospitals set up to deal claims. Another Pelican called “Sense and Nonsense in Saliy 
with neurotic and other mental disorders occurring in mem- — Psychology” is just about to appear. Prof. Eysenck has held pres 
bers of the armed forces. His experimental work carried out _ visiting professorships in the Universities of Philadelphia and type 
during this time was published in book form in 1947 under California, and has lectured extensively abroad. (CS) 
the title “ Dimensions of P ersonality”. Prof. Evsenck’s characteristic contribution has been that audi 
After the war, he was appointed psychologist to the of trying to take the concept of personality out of its literary th 
Maudsley Hospital (of which the Mill Hill Emergency Hos- and humanistic framework, and submitting it instead to the wily 
pital had been a wartime metamorphosis and began to build — most rigorous experimental and statistical investigation. He oo 
up a psychological department there. Experimental work has been very critical of psychoanalytic theories because of was 
during these years was published in 1952 under the title “The the failure of psychoanalysts to support them by any form As 
Scientific Study of Personality”. He was appointed Reader in of acceptable proof, as well as because of the indefinite soun 
the University of London in 1950, and Professor in 1955, nature of the theories themselves. His belief in the promise tatio 
publishing two further books dealing with “The Structure of of the science of psychology is only matched by his disbelief wher 
Human Personality” and “The Psychology of Politics’ as jn most of the “achievements” claimed for it to date. huss, 
other 
The concept of personality has no very precise connota- He is changeable, likes new things, new people, new Apps 
tion; it denotes an area of study rather than any specific jmpressions. His ernotions are easily aroused, but never centr 
scientific meaning. In a sense it covers all the more’ very deeply. He is relatively insensitive, materialistic, the p 
complex, co-ordinated and highly organised types Of and tough minded. He tends to be free from inhibitions the t 
behaviour in which human beings indulge, and as such jn his behaviour, carefree, and ascendant. This brief those 
is often contrasted with the more elementary physio- description makes no pretence at being anything more of tk 
logical tropisms and reflexes. At first sight there appears than a most superficial summary of some of the charac- under 
to be little relationship between the traits and types, teristics of these two personality types. CXcite 
attitudes and abilities, into which we analyse the more Although Jung’s account contains little that is novel It ; 
complex forms of behaviour, and the semi-physiological jn his description of these personality types, it does draw of ex 
work on the formation of conditioned reflexes in dogs, attention to one important relationship. There are two obser 
carried out by Pavlov some thirty years ago. Yet, such groups of neurotics, the distinctness of which had been was p 
relationships do exist and recent work in this field has recognised first by the great French psychiatrist, Janet. panies 
opened up exciting possibilities for a more rapid pro- On the one hand, we have patients suffering from the c 
gress towards a truly scientific understanding of human hysterical and psychopathic disorders; on the other side quickl 
personality. In analysing this relationship we will make we have what is now often called a group of dysthymic first t 
use of certain descriptive terms which have been widely disorders, comprising anxiety, depression, and obsessive no fo 
accepted in the personality field. The concepts of and compulsive tendencies. Jung pointed out that the a stag 
extraversion and introversion have been in existence hysterical and psychopathic symptoms tended to occur buzzer 
for several hundred years, but did not become widely with particular frequency in extraverted people, while inhibit 
used until they were popularised by the Swiss psychia- the dysthymic symptoms appeared more frequently in within 
trist, Jung, around the time of the First World War. introverted people. This observation has been amply excitat 
Much empirical work has been done to establish the confirmed since and there is no doubt now that a close is sho 
existence of a personality dimension ranging from relationship exists between personality type and _ the The cc 
extreme extraversion, through the more balanced type’ kind of neurotic symptom which a person develops buzzer 
of personality to the extreme introvert. Extreme during a breakdown. exting! 
extraverts and introverts are relatively rare, the majority times © 
of people being intermediate, with perhaps a slight lean- CONDITIONING REFLEXES events, 
ing One way or another. Descriptively, the extravert So much for the background on the personality side. experir 
emerges as a person who values the outer world, both in How does it link up with conditioning? Here we have of the 
its material and in its immaterial aspects (possessions, to introduce two concepts which play a considerable part might 
riches, power, prestige); he seeks for social approval and in modern psychological theory, namely, the concepts been | 
tends to conform to the outlook of his particular group; of cortical excitation and cortical inhibition. Before dissipat 
he is sociable, makes friends easily and gets along with defining these, let us briefly glance at a typical Pavlovian So can 
other people. He shows outward physical activity, while experiment. A dog stands on a table in a sound-proof four h 
the introvert’s activity is mainly in the mental sphere. room, supported by a harness. Stimuli can be applied * ditinnie 
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by the experimenter who stands outside the room look- 
ing in through a one-way screen. The reaction of the 
dog to the stimuli is measured automatically; in most of 
Pavlov’s work this reaction consisted in the activity of 
the salivary gland, so that measurement was restricted 
to counting the number of drops of saliva secreted per 
unit of time. The experimenter applies two kinds of 
stimuli. One of these is the so-called unconditioned 
stimulus (UCS), i.e. that stimulus which produces the 
reflex under investigation directly. In the case of the 
salivary reflex this unconditioned stimulus would be the 
presentation of food to the hungry animal. The other 
type of stimulus is the so-called conditioned stimulus 
(CS) which might be any kind of stimulus, visual, 
auditory, or kinaesthetic, which had no direct effect on 
the reflex activity under consideration. For the sake of 
our example let us assume that our conditioned stimulus 
was the sound of a buzzer. 

As is well Known, Pavlov showed that, by pairing the 
sound of the buzzer a number of times with the presen- 
tation of food, an animal could be brought to the point 
where it would react with salivation to the sound of the 
buzzer unaccompanied by the presentation of food; in 
other words, it had become conditioned to the buzzer. 
Apparently there has occurred a modification in the 
central nervous system which in some way facilitated 
the passage of nervous currents linking those areas of 
the brain activated by the conditioned stimulus with 
those areas of the brain responsible for the occurrence 
of the reflex. To this facilitation, or rather to its 
underlying neural counterpart, Pavlov gave the name of 
excitation, or excitatory potential. 

It soon became apparent, however, that the concept 
of excitation was not sufficient to account for all the 
observed phenomena. When the conditioned stimulus 
was presented a number of times without being accom- 
panied by the unconditioned stimulus, it was found that 
the conditioned response became extinguished very 
quickly. The animal might salivate very strongly the 
first two or three times that the buzzer sounded, but if 
no food was forthcoming, he would very quickly reach 
a stage where no salivary response occurred to the 
buzzer. Pavlov accounted for this fact in terms of 
inhibition; he conceived of this as an activity of force 
within the central nervous system, counteracting the 
excitatory potential. The need for some such concept 
is shown quite clearly by facts such as the following: 
The conditioned response has been set up by pairing the 
buzzer and the presentation of food, and has then been 
extinguished by presenting the buzzer a number of 
times without the food. At the end of this series of 
events, the animal behaves exactly as it did before the 
experiment started, i.e. it does not salivate to the sound 
of the buzzer, but it does salivate to the food. One 
might imagine, therefore, that excitatory potential has 
been produced during the conditioning period and 
dissipated during the extinction period. That this is not 
so can be shown by giving the animal a rest of twenty- 
four hours, and then bringing him back to the con- 
ditioning laboratory. If, now, he is presented with the 
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sound of the buzzer, but without any food, he will 
salivate as much as ever he did before the response 
became extinguished! This spontaneous recovery of 
conditioned reflexes is explained by Pavlov in terms of 
an inhibitory potential which is formed during the 
extinction process, but which dissipates during rest. This 
inhibition is somewhat analogous to the phenomenon of 
fatigue, although it is not considered to be muscular in 
origin; inhibition dissipates during rest just as does 
fatigue. Excitatory potential is not conceived of as 
dissipating in this fashion; consequently we get a spon- 
taneous recovery of conditioned and extinguished 
reflexes, as well as many other phenomena too numerous 
to mention here. 


EXCITATION-INHIBITION BALANCE 


We are now in a position to relate the two sets of 
concepts of extraversion-introversion on the personality 
side, and cortical excitation and cortical inhibition on 
the physiological side. A hint as to how this could be 
done was given by Pavlov himself. He found that there 
were marked individual differences between dogs with 
respect to the rate of formation of conditioned reflexes, 
as well as with respect to their rate of extinction. Some 
dogs form conditioned reflexes quickly and strongly, 
and can only be extinguished with difficulty; other dogs 
form conditioned reflexes slowly and weakly, and can be 
extinguished with extreme rapidity. This phenomenon, 
as well as many others relating to the everyday 
behaviour of these dogs, Pavlov explained in terms of 
a disturbance of the excitation-inhibition balance. Some 
dogs were innately endowed with an excess of excitatory 
potential and a deficiency of inhibitory potential; others 
were endowed with exactly the opposition combination 
of characteristics. 

When Pavlov became interested in psychiatry and 
studied the symptoms of neurotic patients, he became 
convinced that the behaviour of the extraverted, 
hysterical-psychopathic group bore a strong relationship 
to that of the dogs characterised by excessive inhibitory 
potential. Conversely, the behaviour of the introverted, 
dysthymic type of patient reminded him strongly of the 
behaviour of those of his dogs suffering from an excess 
of excitatory potential. These notions, he thought, were 
supported by the types of symptoms shown by the 
patients in the two groups. Hysterical symptoms such 
aS ammesia, anaesthesia, and paralyses, seem to be 
clearly of an inhibitory nature, whereas the dysthymic 
symptoms of anxiety and compulsiveness, appear more 
clearly related to excitation. 

Unfortunately, little attention was paid to Pavlov’s 
hypothesis until quite recently, when several attempts 
have been made to link up personality study and learn- 
ing theory. The most obvious method of verifying 
Pavlov’s view would of course be that of conditioning 
hysterics and dysthymics, or extraverts and introverts, 
respectively; we would expect hysterics and extraverts 
generally to be difficult to condition, while dysthymics 
and introverts should be easy to condition. A group 
of unselected normal people, neither particularly 
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FIG. 1. Experimental set-up, 
showing subject on left. 


FIG. 2. Typical record from a 
psycho-galvanic reflex experi- 
ment. Thetop line is the measure 
of the hand resistance to the 
passage of an electric current. 
The second line produces a 
record from the event marker, 
indicating the administration of 
tone and puff on the left, and 
tone alone on the right. The 
third line is a time marker, and 
the fourth shows the movement 
of the eyelid. 
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extraverted nor particularly introverted on the average, 
should be intermediate with respect to conditionability. 
Pavlov himself never tried to condition human beings, 
but there are no great technical difficulties in the way 
and a few experiments along these lines will now be 
described. 


CONDITIONING OF HUMAN BEINGS 


Our first experiment deals with the simultaneous con- 
ditioning of the eye blink and the psycho-galvanic 
refiex. As is well known, the eyelid closes whenever a 
strong puff of air is blown into the cornea of the eye. 
This puff of air is delivered from a cylinder containing 
compressed air, through a rubber tube, which penetrates 
the plain glass lens in a spectacle frame worn by the 
subject; it constitutes the unconditioned stimulus. The 
response is the closure of the eyelid, registered by means 
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of a light-sensitive cell affixed to the same spectacle 
frame. Closure of the eyelid changes the amount of 
light reflected on to the light-sensitive cell and thereby 
the resistance of that cell to the passage of a current. 
This provides for the accurate registration of movement 
of the eyelid on a recording ammeter. 

The conditioned stimulus is a pure tone, produced in 
an audio-oscillator and relayed to the subject over a 
pair of ear-phones. In a typical experiment, the experi- 
menter would first of all ascertain that the tone itself 
produced no eye blink, but that the puff of air did so on 
every occasion. Tone and puff would then be paired a 
number of times, and at irregular intervals the tone 
only would be sounded, to test for the presence of a 
conditioned response. This would be continued until 
eighteen such acquisition test trials had been given. Then 
there would follow ten extension test trials during which 
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FIG. 3. Average record of 20 dysthymics (D), 20 
normal subjects (N), and 20 hysterics (H). 


the tone only would be given without ever being paired 
again with the puff. 

Simultaneously with the eye blink would be recorded 
the so-called psycho-galvanic reflex. This is a rather 
mysterious phenomenon, the origin of which is not well 
understood. If we measure the electric conductivity of 
the human hand, putting one electrode on the palm and 
the other on the back of the hand, then we find that this 
conductivity changes in conformity with external stimull. 
Any surprise or shock, however slight, produces a rise 
in conductivity followed by a gradual fall back to the 
original level. A puff of air to the eye is a sufficiently 
unpleasant and startling experience to produce this 
psycho-galvanic response and consequently we can use 
it as another conditioning response in our experiment. 

The experimental set-up is as shown in Fig. |. The 
subject is seated comfortably in a sound-proof room. 
The room is divided, by a curtain which would norma" 
be closed, into two halves. The half housing the subject 
of the experiment contains the minimum of visual stimu- 
lation, being made up entirely of plain grey walls and a 
subdued light in front of the subject which he is asked 
to fixate. The experimenter and all the apparatus, are 
located at the other end of the room, behind the curtain 
and unseen by the subject. Communication is entirely by 
means of ear-phones which relay the conditioning 
Stimulus. The timing of the stimuli and the recording 
of the responses are all, of course, automatic. 

Fig. 2 shows a typical record of such an experiment. 
The top line in this record is the measure of the hand 
resistance to the passage of an electric current. The 
second line produces a record from the event marker, 
indicating the administration of tone and puff on the 
left, and tone alone on the right. The third line is a time 
marker and the fourth line shows the movement of the 
eyelid. The decrease in electric resistance of the hand, 
and the blink of the eyelid in response to the puff and 
tone combination, will be clearly visible, as will also be 
the very similar reaction of both to the tone alone. 
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CONDITIONING OF EXTRAVERTS AND 
INTROVERTS 


Using this experimental set-up, do extraverts and 
hysterics condition less well than introverts and 
dysthymics? Fig. 3 shows the average records of twenty 
dysthymics, twenty normal subjects, and_ twenty 
hysterics. It will be seen that at practically all stages, 
both during the conditioning and the extinction period, 
the rate of conditioning of the three groups is precisely 
as predicted. 

Fig. 4 shows the actual conditioning scores of the 
hysterics and the dysthymics, with respect to the eye 
blink; each score represents the number of times during 
the eighteen conditioning trials that a given subject did, 
in fact, produce the conditioned response. It will be 
seen that there is very little overlap between the two 
groups, and when the PGR conditioning score is com- 
bined with the eye blink conditioning score, it was 
found that there was no overlap at all between the two 
groups. 

Fig. 5 shows the rate of conditioning and of extinction 
of a group of normal extraverts (broken line) and a 
group of normal introverts (solid line). Again, we see 
that the results strongly support the Pavlovian hypo- 
thesis: introverts condition very strongly and more 
quickly than extraverts, and retain their conditioned 
reflexes longer under extinction. There is little doubt 
that these results are favourable to the Pavlovian 


hypothesis. 


A THEORY OF BEHAVIOUR 
In recent years the beginnings of a theory of 


behaviour, which we owe to Pavlov, have been extended 
and formalised by a whole generation of American 
psychologists under the leadership of Clark Hull. 
Among other things, they extended the application of 
the notions of excitation and inhibition to the analysis 
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of the learning of skilled acts and it is from this field 
that I will take my next example. The particular task 
to be learned in this experiment is the well-known 
pursuit rotor. This consists of a Bakelite disc rotating at 
a speed of sixty revolutions per minute and looking 
rather like a gramophone turntable. A metal disc about 
the size of a sixpence is set into the Bakelite disc, flush 
with it, near the outer ring. This is called the target 
disc and the subject sees it spinning round in front of 
him once every second. The subject himself is issued 
with an articulated metal rod the handle of which he 
holds in his preferred hand. His task is to keep the 
metal tip of this rod in touch with the target disc. When- 
ever the two touch, an electric circuit is made which runs 
through an electric clock registering the amount of time 
during which the subject is on target. The score is 
usually integrated over ten-second periods, so that in 
the usual kind of experimental set-up there are two 
electric clocks and a mechanism switching the recording 
from one to the other every ten seconds. When one 
clock has finished recording, the experimenter reads off 
the setting and returns it to zero. After ten seconds, the 
other clock will stop recording and the first clock will 
be thrown into circuit again and the experimenter will 
now record from, and reset, the second clock. Thus, 
while the subject is performing continuously we get 
records of his performance for consecutive ten-second 
periods. 

Given the kind of theory we have outlined above in 
connexion with conditioning, what kind of a result 
would we expect from exposing to the pursuit rotor a 
naive subject, i.e. one who had never done this type of 
task before? At the beginning he would hardly ever 
succeed in hitting the target except by chance. (The task 
is rather more difficult than it looks.) In the course of 
practice, however, excitatory potential would be built 
up, i.e. the correct eye-hand co-ordination channels in 
the nervous system would receive a certain amount of 
facilitation, thus leading to an improvement in per- 
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formance. This growth of excitatory potential is shown 
in Fig. 6 in the curve marked “E”’. In this figure the 
abscissa records consecutive ten-second trials, while the 
ordinate records time on target. 

However, during practice, excitatory potential is not 
the only kind that is being generated. Constant applica- 
tion to the task also produces a fatigue-like inhibitory 
potential which works against the successful carrying 
out of the task. The growth of inhibitory potential is 
shown in Fig. 6 in the curve marked with an “I’; it is 
drawn below the base line because its action is inhibitory 
or negative, while that of the excitatory potential is 
facilitative or positive. Performance under these con- 
ditions is an algebraic sum of E and I. That is to say, 
at each point performance will equal the sum total of 
the excitatory potential minus the sum total of inhibitory 
potential at that time. The growth of performance is 
shown in Fig. 6 in the form of a solid line marked “P”; 
it will be seen that this falls short of the E curve by the 
amount of potential shown in the I curve. 

So much for the theoretical analysis. The reader may 
wonder whether the theoretical argument is not too 
complex to account for the only observable, measurable 
feature of the learning curve, which is the performance 
curve P. Would it not be simpler merely to assume a 
curve of facilitation comparable in shape with the 
improvement shown in actual performance? The answer, 
of course, is that it would be simpler, but that it would 
not account for certain facts which require for their 
explanation a much more complex type of theory, such 
as the one we have outlined. 

One such fact which has received much experimental 
attention by psychologists, is the so-called reminiscence 
phenomenon. This can be deduced directly from the 
theoretical account we have given. Supposing that the 
events shown in Fig. 6 portrayed the growth of E, P, 
and J, over a five-minute period of continuous practice, 
and suppose that at the end of this period we allowed 
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FIG. 6. Curve of excitatory potential (E) against the 
inhibiting potential (1) and the algebraic sum of these 
two given by the performance curve (P). The improve- 
ment is Ip. 
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the subject to rest for ten minutes before asking him 
to start practising again. What, in terms of our theory, 
should happen during this period of rest? The excitatory 
potential should remain relatively unaffected by the 
rest. The inhibitory potential, however, being fatigue- 
produced, should dissipate more or less completely 
during the rest. Before the rest period, performance 
according to the formula P=E-—I, fell short of E by 
the amount of I. After the rest, I having completely 
dissipated, our formula would now read P=E—0O; in 
other words, performance would be in excess of what it 
was before the rest pause by the amount of I. This 
sudden improvement in performance after a period of 
rest is shown to the right of Fig. 6; the amount of 
improvement is labelled Ir, this being the usual symbol 
signifying inhibition in modern learning theory. Thus, 
our experiment gives us a means of measuring the inhi- 
bition postulated in our theory. (It should be remem- 
bered that this inhibition is of central or ccrtical origin; 
it is not to be identified with any form of muscular 
fatigue. That it is not muscular in origin can be seen 
quite clearly by showing that inhibition of this kind can 
be transferred from right to left hand, thus bringing into 
play entirely new muscle groups without affecting the 
occurrence of inhibition. Another proof consists of the 
use of perceptual tests where there is practically no 
involvement of muscular reactions of any kind, and 
where inhibition is still observable in considerable 
quantity.) 

We are now in a position to link up the model of 
skilled learning, sketched out above, with extraversion 
and introversion. Extraverts, according to the theory, 
are prone to the accumulation of excessive inhibitory 
potential; reminiscence is a direct measure of the amount 
of inhibitory potential produced by the pursuit rotor 
task. Under these conditions, therefore, we would 
predict that extraverts and hysterics would show greater 
reminiscence effects than introverts and dysthymics. 
Several experimental studies attest to the correctness of 
this deduction. There appears to be little doubt, there- 
fore, that this extension of the Pavlovian system also 
enables us to make correct predictions about the 
behaviour of the respective personality types. 


SATIATION PHENOMENA 


One further type of experiment may be mentioned 
here. It would follow from the general conception of 
inhibition as a kind of fatigue of the neural pathways, 
that if we simply look steadily at the letter X here on 
the page, for a minute or so, that letter should seem to 
disappear, due to the fatigue-like inhibition of the neural 
pathways mediating its perception. In actual fact, of 
course, we know that it does not disappear however 
long we may look at it. The reason for this lies in the 
Structure of the eye, which ensures that the eveball is 
constantly moving from right to left, even when we are 
trying to fixate an object as steadily as possible. These 
movements are very small and cannot be detected, 
except by complex equipment, but they do ensure that 
there is a constant change in the retinal and neural 
elements which transmit any particular percept to the 
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brain, thus making impossible the accumulation of 
fatigue-like inhibition. 

It is possible, however, to overcome this difficulty by 
attaching small mirrors to the eyeball, which move with 
it and thus ensure that a particular percept shall be in 
a position to excite precisely the same retinal and neural 
elements over a period of time. Under these experi- 
mental conditions which are, of course, extremely diffi- 
cult to arrange satisfactorily, the expected event actually 
occurs: the object fixated disappears as the subject 
continues to look at it! 

Effects of this kind in which continuous stimulation 
produces inhibition and various types of measurable 
after-effects have been called satiation phenomena, or 
figural after-effects. Furthermore, if our theory is 
correct, we would expect these phenomena to be more 
strongly marked in extraverts and hysterics than in intro- 
verts and dysthymics. That this is so is shown in Fig. 7. 
The abscissa shows the length of time of the stimula- 
tion to which the subject was exposed, varying from 
30 seconds to 120 seconds, while the ordinate shows 
the amount of figural after-effect, manifested in this 
experiment as a percentage decrement of the size of the 
figure originally perceived. It will be seen that the 
hysteric group (H) showed much stronger effects than 
the dysthymic group (D). Even after five- and ten- 
minute rest periods the effects are still quite strong in 
the hysteric group but non-existent in the dysthymic 
group. 

There are many other phenomena which can be used 
to test the general law relating personality to condition- 
ing and to the Pavlovian concept of the excitation- 
inhibition balance. The three very much simplified 
experiments that I have described must suffice, how- 
ever, to give the reader a rough account at least of the 
type of work which modern psychologists are doing in 
this area, in trying to make the concept of personality 
more precise and in trying to relate it to the general 
laws of general psychology. 








THE NUCLEAR MEMBRANE 


G. M. WYBURN 


Since Robert Brown first described the nucleus of the 
cell there has been a constant interest and effort to find 
out more about how it performs its dual function as 
transmitter of hereditary substance to daughter cells 
and participator in the day-to-day activity of the living 
cell. To understand how the cytoplasm (cell substance) 
and the nucleus work together requires, amongst other 
things, some knowledge of the nature of the boundary 
between them. Before the days of the electron micro- 
scope the structure and properties of this separation 
zone were determined largely by indirect optical methods 
such as the polarisation microscope and x-ray analysis 
giving indication of molecular arrangements. It was not 
until the living cell was observed with the phase con- 
trast microscope that it was finally confirmed that the 
nuclear envelope, which is a very definite structure in 
tissues “preserved” by chemical fixatives, existed as 
such in the living cell. Today thin sections of tissues 
(10° centimetre thick) can be examined with the elec- 
tron microscope and the fine structure of the nuclear 
membrane directly observed. There is, of course, the 
criticism that what is being looked at is a fixed tissue 
which may not be the true picture of conditions in the 
living cell. The same criticism was made of histological 
interpretation with the light microscope and it is, to 
some extent, reassuring that this is now known to be 
unfounded. Dealing with the high resolution of the 
electron microscope, however, it might be wise at the 
present time not to discard all reservations. 


VARYING MITOTIC RATES 


During the division of a cell into two daughter cells 
(Figs. la and 5) (mitosis) the nuclear membrane dis- 
appears and reappears when the process is complete. 
The division, or mitotic rate, of the cells varies accord- 
ing to the species of plant or animal, or the particular 
tissue or organ involved. In the developing sex cells of 
some animals, for instance, divisions follow so rapidly 
that a nuclear membrane never forms and the almost 





FIGS. la and b. Stages in the mitotic division showing 
chromosomes and absence of nuclear membrane. 
(By courtesy of Penguin Science News.) 





continuous mitotic activity which produces a cluster of 
cells from the single fertilised egg leaves little time for 
the formation of a nuclear membrane. Embryonic cells 
may divide every four hours, with a resting period of 
only twenty-seven minutes. On the other hand it is said 
that the vertebrate nerve cell never divides after “birth”, 
and here, presumably, the nuclear membrane remains 
throughout life; while in adult life a bone marrow cell 
which is dividing frequently will have no nuclear mem- 
brane during a significant part of its life. 

In most animal tissues there is a constant process of 
cell loss and renewal. This is most marked where there 
is an exposed surface, for example, the skin or the 
lining (mucous membrane) of hollow organs. In the 
mucous membrane of the intestine, which resembles a 
carpet with small finger-like processes forming the 
“pile”, cells are constantly being shed from the apex of 
these tiny processes and renewed by the continuous 
division and subsequent migration of cells at the base 
of the processes. It has been calculated that a cell takes 
133 hours to cover the distance from base to apex, 
during which time presumably it will have a nuclear 
membrane. Mitosis has been observed and timed in 
living cells, and it is also possible to calculate the dura- 
tion of mitosis indirectly by administration of a sub- 
stance such as colchicine which arrests mitosis about 
midway through. There are, of course, wide variations 
in the time factor according to the type of cell and 
existing conditions; and, generally speaking, it lasts 
longer in plants than in animals. An arbitrary average 
time in an animal cell would be seventy-five minutes. 
The nuclear membrane disappears quite suddenly just 
after mitosis begins and is not re-formed until it is almost 
completed, that is to say, it is absent while the hereditary 
substance is arranged as visible chromosomes. Little 
is known or understood about the mechanism of disin- 
tegration and formation of the nuclear membrane. The 
change in the form of the chromosomes in the resting 
period probably involves some separation and dispersal 
of their constituent macromolecules and may liberate 
material which reassembles as the nuclear membrane. 
A small body known as the centrosome which is outside 
the nucleus appears to be able to exert influence of some 
kind through the membrane on the nuclear substance at 
the beginning of mitosis, 


THE ‘‘INTERPHASE’’ 


When the cell is not dividing, the nucleus with its 
nuclear membrane is said to be in “interphase” and is 
concerned with the chemical activity of the cell whether 
this is secretion, contraction, or reception and trans- 
mission of nervous impulses. The nuclear membrane, 
therefore, cannot be regarded as an impenetrable struc- 
tural barrier, isolating the nucleus from the rest of the 
cell, but must permit a free communication and inter- 
change of substance between the nucleus and the cyto- 
plasm, freer, indeed, than is possible between a cell and 
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the extra-cellular tissues. It has been shown that medium- 
sized protein molecules, such as haemoglobin, can 
diffuse across the nuclear membrane of frogs’ eggs, 
although this is in fact thicker than the surrounding 
cell membrane which functions as a semi-permeable 
membrane and is, therefore, impermeable to protein 
molecules. Moreover, it is known that quite large 
particles can pass through the nuclear membrane into 
the cytoplasm; for example, in the ovary of crustacea 
and certain hemiptera, fairly large droplets of nucleo- 
protein can be extruded through the membrane. Even 
whole nucleoli (the central part of the nucleus) are 
extruded through the membrane during the secretory 
phase of some insect gland cells. 


APPEARANCE AND STRUCTURE 


The nuclear membrane is commonly shown in electron 
micrographs of thin sections as double or occasionally 
triple continuous lines which represent lamellae cut in 
section (Fig. 2). The thickness of the membrane varies 
both according to the plane of section and also in 
different cell types. It is normally within the range of 
200 A to 600 A.* With the wide functional and structural 
differences in both plant and animal cells, it would be 
strange if nuclear membranes had all exactly the same 


*An Angstrom unit=10° cm., or about 1/100,000,000 
of an inch. 





structure. Nuclei themselves differ in size, appearance, 
and behaviour. 

Node-like structures are found in the nuclear mem- 
brane in a number of cells. These were first described 
in the thick nuclear envelope of frogs’ eggs, and have 
been observed with the electron microscope both in the 
whole membrane and in sectioned material. Similar 
structures are also characteristic of the nuclear mem- 
brane of amoebae, of the giant nuclei of the Chironomus 
larvae, and the nuclear membrane of the sea urchin egg. 
The nuclear membrane of the nerve cells of spinal 
ganglia has recently been studied in some detail with 
the electron microscope. 

The appearance of the membrane depends on the 
plane of the section through the nucleus. Tangential or 
peripheral sections through the circumference give a 
direct view looking down on the surface of the mem- 
brane, while a perpendicular or radial section through 
the centre of the nucleus cuts through the nucleolus and 
shows the nuclear membrane in a plane at right angles 
to the tangential section. Thus the picture of the mem- 
brane differs in the two types of section and can be 
combined to construct a three-dimensional perspective. 
A tangential section of a nuclear membrane of a nerve 
cell (Fig. 3) shows a broad zone of membrane, approxi- 
mately 2uX1u in a section estimated to be Oly in 
thickness. The most prominent feature in tangential 
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FIG. 2. Section of nuclear membrane from a kidney cell showing typical double lines. The nucleus occupies the lower two-thirds 
of the figure. Cytoplasm with mitochondria at top part (x 77,000). FIG. 3. Tangential section showing surface of nuclear 


membrane of spinal ganglion cell. 
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Notice ‘numerous nodes ( x 54,000). 
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sections of the membrane are disc-like nodes with an 
average diameter of 850 A, irregularly spaced in the 
substance of the membrane at a separation distance of 
from 250 A to 1800 A. Approximate estimates give .a 
value of 10,000 for the number of nodes present on the 
entire nuclear membrane. At a higher magnification the 
nodes are seen to have a dark cortex, a central dark 
spot, and an intervening lighter area. 


NODES 


In a shadowcast micrograph of a peripheral section 
the nodes show in sharp relief above the rest of the 
structures and have a raised cortical and central part 
separated by a depressed area (Fig. 4). The nodes 
appear to be solid structures embedded in the nuclear 
membrane. The three-dimensional interpretation from 
the appearance in the two section planes suggests the 
nodes are cylindrical units with thick walls and a central 
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FIG. 4. Shadowcast of section of nuclear membrane 
of spinal ganglion cell, again showing numerous nodes 
(x 42,000). (Figs. 3 and 4 are reproduced from 
Proc. roy. Soc., B., 1955, vol. 144, p. 132.) 
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channel filled with material diffusing through, and are 
not just holes or gaps in the membrane. The term 
“pore” or “hole” is misleading, and there can never 
exist in the living cell any “pore” empty of material. 
Constant movement, shifts of material, and changes 
occur in the cytoplasm of a living cell and it is unlikely 
that the nuclear membrane remains a static structure 
during interphase. There is indeed some evidence that 
it is a labile structure and that movements of material 
occur within the membrane which can bring about a 
change in the pattern and distribution of the nodes. 
Alteration in the size and number of nodes would 
provide a selective mechanism for regulating the mole- 
cular exchange between cytoplasm and nucleus. At the 
present time, however, there is not enough known about 
the detailed disposition of molecular components in the 
nuclear membrane to justify more than speculation con- 
cerning the nature of the change in the structure of the 
nuclear membrane, which can occur as part of the 
normal activity of the cell. 

The nodes in the nuclear membrane of spinal ganglion 
cells were found quite unexpectedly during a study of 
the fine structure of the nerve cell.* At an early stage 
in this work it became obvious that the “best” results 
required a rapid fixation of the tissue after death. This 
critical interval was finally reduced to the minimum—a 
fraction of a minute—by removing the ganglia from 
anaesthetised animals as a surgical operation. When, 
for example, fixation was delayed as long as three 
minutes, the structure of the nuclear membrane had 
already changed and its constituents had begun to dis- 
sociate and regroup into a new pattern so that the nodes 
showed, in a radial section, as spheres separated out from 
the membrane. It is thus obvious that molecular changes 
start immediately after and possibly even before death 
of the organism as a whole. 

The ideal for the electron microscopists of the future 
will be to elaborate the techniques of the examination 
of living tissues and cells. 

So far the pores or nodes have been found mainly in 
the prominent nuclei, often associated with particularly 
active cells. The ripe egg before fertilisation is busy 
with the accumulation of yolk substance and the nerve 
cell has periods of intense activity when it uses up its 
stores of material, Known as Nissl’s substance, and 
then requires to make new supplies. The nucleus is 
corncerned in this process and, indeed, there is evidence 
that material passes from nucleus to cytoplasm during 
the recovery phase. It must be stated that “nodes” have 
only been observed in the nuclear membrane of a few 
different cell types and are as yet far from being 
regarded as “normal” for all nuclei, but as more 
biologists examine more cells with the electron micro- 
scope it may well be found that some such structural 
mechanism exists in most nuclear membranes to provide 
a rapid and selective means of nucleo-cytoplasmic 
communication. 


* 1. M. Dawson, J. Hossack, and G. M. Wyburn, “Obser- 
vations on the Nissl’s substance, cytoplasmic filaments and 
the nuclear membrane of spinal ganglion cells’, Proc. roy. 
Soc., B., 1955, vol. 144, p. 132. 
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THE USE OF LIQUID METALS IN 
ATOMIC REACTORS 


J. B. LEWIS 


Chemical Engineering Division, Atomic Energy Research Establishment 
(See also the cover drawing of the Dounreay Atomic Reactor) 


The nuclear power stations at present being built in the 
United Kingdom use carbon dioxide gas to cool the 
reactor core. The hot gas passes through heat exchangers 
where water is boiled providing steam which passes 
through conventional turbo-generators to produce elec- 
tricity. This type of power station is probably the only 
kind which can be built as an economic proposition at 
the present state of our technical knowledge. However, 
the use of gas cooling limits the rate of heat removal 
from the reactor core, which in turn limits the operating 
temperature and thus the thermodynamic efficiency of 
the power station. Experimental reactors have been 
designed in which the heat is transferred from the core 
to the heat exchangers by a circulating liquid metal. 
Much higher temperatures can then be used due to the 
far better heat transfer properties of liquid metals. 
Sodium is the best liquid metal for this purpose due to 
its high thermal conductivity, low viscosity, and con- 
venient melting and boiling points (97:5°C and 883°C 
respectively). It has been used as a heat transfer fluid in 
chemical plants in the U.S.A. since 1943. Mercury has 
been used for this purpose for an even longer period, 
since 1922, but it is unsuitable for use in nuclear reactors 
because it has an undesirably large neutron absorption 
cross section. Sodium-potassium alloys, which have the 
advantage of being liquid at room temperature, have 
also been studied: such an alloy will be used in the 
Dounreay experimental fast reactor as described below. 
The technology of handling these and liquid sodium has 
been extensively studied in many laboratories and is 
now well understood. Sodium circuits can be made of 
most ferrous metals provided that the surfaces are clean 
and all traces of air rigorously excluded to prevent the 
formation of the corrosive sodium monoxide. 

Two reactors that use solid uranium fuel elements 
and liquid sodium as a heat transfer fluid are under 
consideration in this country. These are the fast breeder 
power reactor, now being built at Dounreay, and the 
Sodium-Graphite reactor which has been suggested as 
a possible successor to the gas-cooled Calder Hall types. 
Similar techniques would be used for handling the sodium 
in both reactors. Since the sodium becomes dangerously 
radioactive in the reactor core it has to be kept inside 
the biological shield surrounding the reactor, and as it is 
both inconvenient and hazardous to take high pressure 
steam into the vicinity of the reactor core a second sodium 
circuit is used to transfer heat from the primary sodium 
coolant to the steam. The sodium-sodium heat ex- 
changers are thus inside the shield but the sodium-steam 
heat exchangers can be at any convenient point outside. 
A special neutron shield prevents stray neutrons from 
activating the sodium in the secondary circuit. Gamma 
radiation has no effect on the sodium. Both sodium 
circuits can be made from conventional alloy steels 


using all-welded joints. Electromagnetic pumps are 
being used to pump sodium in the Dounreay reactor 
circuits. These operate on the principle that when an 
electric current is induced in a conductor in the presence 
of a magnetic field then a force acts on the conductor at 
right angles to the electrical and magnetic fields. Here 
the conductor is liquid sodium contained in a pipe and 
this can be pumped without the use of any moving parts. 
The absence of any moving parts, bearings, glands, and 
so forth, make these pumps exceedingly reliable. One of 
the major problems in both reactors is the choice of a 
metal with which to can the uranium to prevent it being 
attacked by the sodium. This metal must have a high 
heat transfer coefficient, a low neutron absorption cross 
section, excellent resistance to sodium and mechanical 
and metallurgical properties commensurate with the 
severe conditions existing in the reactor core. Possible 
metals are molybdenum, niobium, zirconium, or special 
alloy steels. The techniques for preparing these metals 
in a state of sufficient purity and fabricating them to the 
necessary shapes are still not fully understood. 


THE SODIUM-GRAPHITE REACTOR 


The Sodium-Graphite reactor is essentially similar to 
the Calder type in nuclear characteristics having a 
graphite moderator which, however, requires to be 
sheathed to prevent it being attacked by sodium, and 
near natural uranium rods. Slight enrichment of the 
uranium is probably necessary due to absorption of 
neutrons in the sodium. The increased cost of the 
uranium and the canning metal is offset by the higher 
operating temperatures, giving a more efficient steam 
cycle, and by the advantage of not requiring pressure 
vessels. 

The Dounreay reactor contains no moderator to slow 
down to thermal energies the fast neutrons, produced 
in fission. Some slowing down does occur due to elastic 
collisions with uranium and sodium, but the mean 
energy level is high. Fast neutrons are less readily cap- 
tured by fissile nuclei than are slow neutrons, most 
collisions resulting in an elastic rebound, but all that are 
captured cause fission, whereas approximately a quarter 
of the slow neutrons captured in U235 or Pu239 form 
the long-lived non-fissile isotopes U236 or Pu240. This 
non-fission capture causes a waste of fissile atoms and 
leads to a loss of neutrons especially as more neutrons 
will be captured by the U236 and Pu240. Very fast 
neutrons can cause a small but important amount of 
fission in U238, but the amount of this isotope present 
must be kept low. Although most neutrons, other than 
a few very fast ones, are elastically scattered from U238, 
neutrons of particular intermediate energies are very 
strongly absorbed giving U239 which decays eventually to 
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FIG. 1. Typical liquid metal corrosion test loop. 


fissile Pu239. This strong absorption is due to a “reson- 
ance” effect between the nucleus and neutrons of these 
particular energies. In a thermal reactor the spacings 
between the fuel rods in the moderator can be so adjusted 
that most neutrons become slowed down to energies below 
the U238 resonance energy levels before colliding with 
uranium. Thus although U238 forms 99-3% of natural 
uranium most neutrons will be captured in the 0:7% of 
fissile U235 and a chain reaction is possible. In a fast 
reactor, since the probability that a collision between a 
neutron and U235 results in fission is small, less than a 
hundredth of the probability of a thermal neutron caus- 
ing fission, most collisions are elastic, the neutron being 
merely slowed down. The majority of neutrons will be 
slowed down to one of the U238 resonance energy levels 
before causing fission in U235. Thus, if any appreciable 
amounts of U238 is present this will capture sufficient 
neutrons to prevent the chain reaction proceeding. 
Uranium highly enriched in the U235 isotope, or pure 
Pu239, must therefore be used as a fuel. The necessity 
for using these expensive fuels is a major disadvantage, 
but the much better neutron economy arising from the 
absence of non-fissile capture and because also fast 
neutrons are much less strongly absorbed by sodium 
and structural materials, such as steel, make the overall 
efficiency of the use of uranium very much better. It has 
been found, for example, in a thermal reactor using 
natural uranium, that for every 10 atoms of fissile U235 
that are used up about 8 atoms of fissile Pu239 are 
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formed (from U238). This is a diminishing series and 
taking into account the fission of the plutonium pro- 
duced the maximum percentage of all the uranium 
atoms that can be used is between 2 and 3%. The need 
to conserve uranium may not be very great at present, 
but since the United Kingdom imports all its uranium 
a process that would use up all the uranium instead of 
a small fraction is clearly of considerable benefit. 

In fast fission of U235 and Pu239 a maximum of 
about 2-3 and 2-7 neutrons respectively are available for 
each atom fissioned. One neutron is required to carry 
on the chain reaction which leaves 1-3 or 1-7 neutrons 
spare. If these neutrons are captured in a surrounding 
blanket of U238, 1.e. waste uranium from a thermal 
reactor which has become depleted in fissile U235, more 
fissile atoms of Pu239 are formed than atoms of U235 
or Pu239 used up. A small additional gain of neutrons 
is obtained from the fission of some U238 by very 
energetic neutrons. There is thus a net gain of fissile 
atoms “bred” from non-fissile “fertile” atoms. Natural 
thorium, Th232, can be used instead of U238, this gives 
Th233, which decays eventually to U233, another fissile 
isotope of uranium. Not only can all the atoms in 
uranium be now used up in this process but an entirely 
different element, thorium becomes a potential source 
of power. 


THE DOUNREAY FAST BREEDER REACTOR 


The amounts of fissile materials needed to operate 
such reactors are large so that the capital costs are high. 
Thus the cost of electricity from an individual reactor 
may be uneconomic. However, this type of reactor 
should be considered as forming part of an integrated 
atomic power programme. Although experiments in low 
power reactors have demonstrated that breeding does 
take place, as for example in the low energy model of 
this reactor, ZEUS, at Harwell, the rate of breeding in 
a large power reactor can only be found by experiment. 
The Dounreay reactor is a reactor experiment which is 
large enough, 60 megawatts heat output, to give results of 
practical importance to the design of possible future 
power reactors of this type. 

The core of a fast reactor consists merely of an array 
of rods of nearly pure fissile material, suitably canned, 
suspended inea pot through which a coolant is pumped 
Surrounding the core is a blanket containing the fertile 
material. Since some fission of the fissile atoms bred in 
the blanket will occur it is necessary to cool this also. 
As there is no moderator the dimensions of the core are 
small. The Dounreay core is of cylindrical shape 2 feet 
in diameter and 2 feet high, contained, with the blanket, 
in a stainless steel pot 134 feet in diameter and 134 feet 
high. The heat ratings in the core are severe as the 
sodium coolant has to remove 60 megawatts of heat from 
this very small volume. Initially, experiments will be 
carried out using sodium-potassium alloy for cooling, 
since this is molten at room temperature thus avoiding 
the necessity of having to heat all the circuits when the 
reactor is shut down. After the reactor has run at power 
there will be sufficient heat generated by the radio- 
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FIG. 2. Arrangement 
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active decay of the fission products to keep the sodium 
above its melting point even when the reactor is shut 
down. So as to avoid the possibility of trouble arising 
from the failure of the electromagnetic pumps the 
primary sodium circuit is split up into twenty-four 
parallel circuits, twenty for the core and four for the 
blanket. Each circuit contains an EM pump, a heat 
exchanger for transferring heat to the secondary sodium 
circuit and an additional thermo-syphon heat exchanger. 
This last relies on air cooling by natural convection 
enabling the heat of radioactive decay from the core 
to be removed when it is shut down even if none of the 
pumps are operating. Since, however, the electrical 
power for the pump is provided by twelve diesel 
generators, one for each two primary circuits, the pro- 
bability of a complete breakdown is most unlikely. To 
avoid the sodium in the secondary circuit becoming 
radioactive by bombardment with stray neutrons escap- 
ing from the blanket, the pot is surrounded by a neutron 
shield consisting of graphite and boron. The graphite 
slows the neutrons down to energies where they are 
strongly absorbed in the boron. The arrangements of 
the core, heat exchangers, and so forth, are shown in 
Figs. 2 and 3. 

Although an explosion cannot occur in the reactor the 
possibility of some type of plant failure cannot be 
altogether ruled out, although it is most unlikely con- 
Sidering the safety precautions taken. Nevertheless an 
escape of radioactivity over a wide area would be a 
substantial hazard, and in order to prevent this possi- 
bility, the reactor is being built inside a steel sphere 
135 feet in diameter and 1 inch thick. 
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LIQUID METAL FUELLED REACTOR 


Other low melting liquid metals such as lead or bismuth 
(m.pt. 271°C) have been suggested as heat transfer 
fluids, but on the grounds of thermal conductivity and 
ease of pumping all are inferior to sodium. Bismuth, 
however, has the special advantage in that, unlike 
sodium, it can dissolve significant quantities of uranium 
at reactor operating temperatures, e.g. 1% by weight 
at 550°C. If highly enriched U235 or pure U233 is 
dissolved in the bismuth, the liquid has similar nuclear 
properties to natural uranium which contains 0°7% by 
weight of U235. Thus the solution can be used to 
replace solid uranium fuel elements in a reactor. A 
liquid fuel element has several advantages over a solid 
fuel; irradiation damage does not alter the mechanical 
or metallurgical properties of the fuel so that it does not 
become necessary to replace fuel elements long before 
nuclear considerations warrant it, there is the possibility 
of continuous chemical processing to remove neutron- 
absorbing fission products, and the fuel may perhaps act 
as its own heat transfer fluid by being continuously 
circulated between the core and the heat exchanger. 
Bismuth has an acceptably low neutron absorption cross 
section; and, since it does not react with graphite, the 
solution can be pumped directly through channels in the 
graphite moderator, no canning material being required. 

Studies on a liquid metal fuelled reactor of this type, 
known for short as LMFR, are being carried out both 
in this country and at Brookhaven in the U.S.A. Test 
loops have been constructed out of various steels in 
which bismuth has been circulated between zones at 
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temperatures corresponding to the core and heat 
exchanger regions of the reactor. Typical temperatures 
are 550°C and 400°C. It was found, however, that the 
cold region invariably became blocked with a plug of 
crystallised iron. This appears to be due to the marked 
temperature coefficient of the solubility of iron in 
bismuth, which varies from 30 parts per million at 550 

to 3 p.p.m. at 400°. Iron continuously dissolves out of 
the pipe wall at the hotter parts of the circuit and crys- 
tallises on to the walls at the coldest point. To prevent 
oxidation of the very reactive dissolved uranium, all 
oxide films must be previously removed from the metal 
surfaces and a deoxidant such as magnesium added to 
the solution. Consequently there is no protective oxide 
coating between the pipe wall and the bismuth, and mass 
transfer of iron continues rapidly until the circuit is 
blocked. It was found that the most resistant steels were 
those containing 1—-2° of chromium and molybdenum. 
Stainless steels could not be used due to the high 
solubility of nickel in bismuth and its reaction with 
uranium. 

Somewhat similar mass transfer phenomena occur in 
mercury systems. The American General Electric Co. 
had previously found empirically that the addition of 
titanium or zirconium to mercury in the presence of 
magnesium, which was added as a wetting agent, pre- 
vented this effect. Magnesium removes the oxide layer 
from steel thereby improving the heat transfer rate. It 
also prevents the wasteful oxidation of the titanium or 
zirconium. The mechanism of the protection was not, 
however, understood. An intensive experimental pro- 
gramme based on this early work was initiated at Brook- 
haven and later, to a smaller degree, in this country. It 
was found that zirconium, with magnesium as a 
deoxidant, inhibited mass transfer in uranium-bismuth 
system also. It appears probable that a protective coat- 
ing of zirconium nitride is formed on the deoxidised 
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steel surface, due to a reaction between the zirconium 
and traces of nitrogen present in the steel. This coating 
not only retards the rate of solution of iron from the 
hot region but, more important, inhibits the crystallisa- 
tion of iron at the cold region where the bismuth 
solution is supersaturated with iron. Consequently the 
solution returns to the hot zone and a quasi-equilibrium 
is obtained. The presence of zirconium Is also beneficial 
in another way as it forms a layer of zirconium carbide 
on the graphite, which prevents a reaction between 
uranium and graphite to form uranium carbide. 

Although the Brookhaven workers are confident that 
an experimental LMFR can now be built, it is clear that 
further experimental work is still necessary. The 
behaviour of the protective coatings to long irradiation 
and temperature changes must be determined, as well as 
the effect of the carbide coating on the properties of 
graphite. It would be desirable also to Know the rates of 
reaction of zirconium with nitrogen and graphite, and 
particularly whether the reactions continue after a com- 
plete layer is formed over the surfaces. If the zirconium 
continues to react until none is left, there will be no 
surplus available to repair cracks formed in the protec- 
tive layers, due for example, to differential thermal 
expansion between those layers and steel or graphite. 
Other types of possible protective coatings, such as the 
metals tantalum, niobium, or molybdenum, and _ the 
oxides alumina or beryllia, have been considered; but 
the technology of using these is extremely difficult. 

Another type of projected liquid metal fuelled 
reactor uses a suspension of very fine particles of U235 
in liquid sodium. Although this avoids the corrosion 
problems arising with bismuth, other problems arise, 
such as the protection of the graphite from attack by 
sodium, the difficulty of chemically processing a fine 
suspension, and the engineering difficulties of pumping 
a liquid metal slurry. 
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NOVEMBER 1956 DISCOVERY 





Satellite in the Sky 
Warner Bros. CinemaScope. 84 mins. 


This may be “the most spectacular 
science fiction film ever to be made in 
this country”, but the opening title of a 
prophecy by Nostradamus. accompanied 
by pompous music, raises gloomy fore- 
bodings. These are not lessened when 
a stratosphere flight by a delta-winged 
jet plane is used as test-flight for an 
orbital satellite rocket whose take-off is 
planned for the following day! The 
story of Satellite in the Sky is thus 
about as credible as “Alice in Wonder- 
land”, and it would hardly be entitled 
to review-space but for the topicality 
of its title, extravagant claims to 
“authenticity” in publicity handouts, 
and the CinemaScope WarnerColor 
medium helping it to a West End 
release. 

Had the film been deliberately handled 
as the comedy the friendly audience 
often found it to be. it might well have 
achieved a distinguished position among 
science fiction films; the plot lends itself 
admirably to satire, if not “science 
farce’. A group of British Government 
scientists plans to use a space rocket for 
meteorological and related research. 
Another group’ has’- produced a 
“Tritonium Bomb”; but this is too 
violent to be safely tested anywhere on 
Earth! The rocket is therefore scheduled 
to take the bomb a thousand miles 
away from Earth, for its safe explosion, 
and return. (“Why give the Universe 
the benefit of our ignorance?” com- 
plains a girl reporter in one of the three 
good lines of dialogue.) Only the two 
leaders of the small crew are told the 
exact nature of their mission before 
take-off, and one passenger. the bomb 
expert. has never previously met the 
crew, let alone gone through flight-drill! 
The highly artificial situation is drama- 
tised still further by the inevitable 
girl stowaway—who walked smoothly 
through the rocket’s pre-launch security 
guard without even the need for a 
seduction scene. 

Looking hard for a favourable glim- 
mer of light by which to view this 
production, we at least find a story 
which lets one or two characters com- 
ment on the futility of making and 
testing nuclear weapons. However, if 
we add photography of delta-winged 
aircraft which will please those who 
find the noise and aspect of these 
devices attractive; good acting by three 
of the cast (the rocket engineer, the 
young telex screen operator, and a small- 
part American newsman); and Georges 
Perinal’s colour photography, we have 


positive aspects of the 


exhausted the 
film. 

Perhaps one should add that the per- 
verse may take delight in faulting the 
extraordinary model work which, apart 
trom the addition of modern camera- 


smoothness. wide-screen and _ colour, 
reminds one irresistibly of Méliés’ 
“Voyage a travers l’Impossible’’, made 


in 1908. One would have thought that 
a wind-machine could at least have put 
the smoke from the unevenly burning 
rocket exhausts into a likely sort of 
slip-stream. And that the model 
Tritonium Bomb could have been 
manceuvred in “outer space” around the 
“rocket vehicle’ without showing its 
suspension wires. GEOFFREY BELL 


Point of New Departure 

Made by H.R.H. Productions Ltd. for 

IC] from whom copies can_ be 

borrowed. Colour, 35 minutes. 
Chemie ist das was knallt und stinkt . 
(Chemistry is but bangs and stinks) 
might well be the impression of a non- 
chemist seeing this, the 127th film made 
by ICI since the war. However, if 


OF NE ET RT 


shown to senior school audiences and 
to chemists, they will be delighted with 
the interesting historical experiments 
and the altogether brilliant performance 
by J. R. Whinfield, the discoverer of 
terylene polyester fibres. The film is 
not haut cinema, it is far more like a 
television programme, where the main 
actor is on the screen for the total length 
of the piece; in this instance, the 
director of the film, David Villiers, was 
lucky to find in Whinfield a person to 
sustain this ordeal with great grace 
and nonchalance, but this recipe may 
not lend itself easily for another film. 

As an experienced lecturer, Whinfield 
starts with history, cotton, flax, silk, and 
wool, the traditional fibres. How the 
experiments of Mercer on cotton and 
those by others on cellulose led always 
to a glutinous mass from which artificial 
fibres could be spun, either dry or wet. 
With the aid of atomic models, the new 
synthetic fibres are introduced, relying 
for their raw materials entirely on coal; 
again glutinous masses can be obtained 
at high temperatures and, if spun, will 
lead to nylon and to the newest fibre, 
terylene, discovered in 1941. All these 
many points are clearly made by labora- 
tory experiments, each expertly per- 
formed by Whinfield himself. 

The film is a personal story of a 
brilliant chemist, with all the faults and 
advantages which this implies. It should 
be preserved in the National Film 
Archives to give future audiences a 
correct impression of our present know- 
ledge of some of the current artificial 
fibres. A. R. MICHAELIS 


TWENTY-FIVE YEARS AGO 


The following is an extract from “‘Notes 
of the Month” for November 1931: 


“High-speed flying is the subject of 
an article by Mr J. L. Nayler, who pre- 
dicts that it is merely a matter of time 
before the speed of sound is attained by 
man. There are many problems, how- 
ever, which the high-speed flyer and the 
aeronautical engineer have yet to over- 
come. The possibilities of high-speed 
flying are most fascinating, and Flight- 
Lieutenant Stainforth’s remarkable 
achievement of 407 miles an hour in a 
Schneider Trophy plane has gripped the 
public imagination. As Mr WNayler 
reminds us, Britain now holds the 
record for the fastest speed on land, 
sea, and air. [We still do, in 1956!]” 

Mr Nayler’s article begins as follows: 

‘Man is becoming so accustomed to 
the idea of attaining very high speeds 
in the air, on land, and on the sea that 
a review of the future possibilities and 
of certain limitations on improvement 
has considerable interest. Many have 
queried the physiological strength of the 
individual to stand up to very high 
speeds, and this is the direction where 
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there are as yet no signs of a limit to 
progress at the present time.” 

He continues: ““Looking ahead to still 
higher speeds there does not appear to 
be any factor among those already men- 
tioned which is likely to have an adverse 
effect on the human frame until some- 
where near the speed of sound is 
reached at 740 m.p.h. (1080 feet per 
second); then owing to the formation 
of pressure waves and the rapidly in- 
creasing resistance it is difficult to 
predict what will happen. Already the 
pressure effect of the passage of the 
wings through the air is shown up on 
days of high humidity by a stream of 
mist behind each wing of a Schneider 
racing seaplane. A speed as high as 
740 m.p.h. maintained continuously for 
an appreciable time seems unlikely to 
be reached by the present generation 
for a number of other reasons.” 

By 1956 “breaking the sound barrier” 
has become such a common occurrence 
that on BBC television on September 10, 
in one of those games where a panel 
must guess what two people placed in 
front of them for cross-questioning have 
in common, two pilots appeared who 
had both flown at 1000 m.p.h. 








LETTERS TO THE EDITOR 


“To See Ourselves As Others See Us” 


Sir: 

Your correspondent, Clare Fry, must 
really take the chip off her shoulder. 
She has (or at least claims) our 
sympathy as a lonely apostle of the 
humanities imprisoned by economic 
circumstances in the camp of the 
Barbarians. But surely, if the humanities 
teach anything worth learning, it is the 
art of coming to terms with one’s 
human environment and of tolerating 
other human beings with that sympathy 
which comes of complete understanding, 
not as a self-conscious “amateur socio- 
logical survey” but as a way of life. 

Human nature is indeed the same all 
the world over, but it is shared by a 
diversity of creatures. Scientists, as 
human beings, are as diverse in their 
qualities as any other group of human 
beings; it is as impossible to define the 
average (or typical) scientist as it is to 
define the average man. Undoubtedly 
there is often little transfer from 
qualities which they apply in their work 
to those which they manifest in their 
daily life, but this is human nature all 
the world over. Only when we find the 
humanist to be always tolerant and 
understanding in his dealings with those 
about him need we expect the scientist 
to be logical when he is away from the 
bench. 

The qualities which make a good 
administrator are highly personal ones 
and are not dependent on the particular 
discipline in which a person has been 
trained. For the last thirty-odd years I 
have been under the administrative 
control of a variety of people, some 
graduates in arts, others in science. I 
have not noticed that, taking one with 
another, the humanists were either better 
or worse than the scientists—in both 
groups the range of administrative 
ability was about the same, and was 
fairly wide. 

Scientists do write papers frequently 
and at length. They must. A scientist 
who makes discoveries and keeps them 
to himself may be having fun, but he is 
not advancing his subject. It is from 
the published discoveries of yesterday 
that today’s discoveries spring, and if 
today’s discoveries are suppressed there 
will be none to record tomorrow. It 
may be news to Miss Fry that there are 
several journals in which railway 
officials exchange views about the tech- 
nicalities of railway operation (and very 
good reading some of them are), while 
as for lawyers! It is quite time Miss Fry 
emerged from the cloisters. 

It is a pity that some scientists do not 
write better English. Some, of course. 
write extremely well, others (poor souls) 
have less developed powers of expres- 
sion. I have not, however, read any 
British scientific paper in which the 
English has sunk quite to the level 
of the less inspired productions of 
the Civil Service—whose hierarchy is 


recruited for the most part from the 
arts side. 

Unless one is born with a good 
literary style it can be obtained only 
with the expenditure of much effort and 
much time; it is unfortunate that many 
scientists prefer to spend their time 
making discoveries than in learning how 
to write about them, but there is little 
that we can do about it. In the mean- 
time Miss Fry might remember that it 
is much easier to criticise a bad English 
style than to achieve a good one. 

If, after her own style has had time 
to settle down into maturity, she re- 
reads her letter to DISCOVERY, there is 
much she will wish to amend. First to 
go will be the redundancies, the clichés, 
the vulgarisms, occasional bad gram- 
mar (“by the way’, “two hoots’’, “bar 
the referee’, “staggering revelations”’, 
“frankly terrifying’, “everybody else’s 
job... than they can do it themselves’’) 
and such juvenilia as the not very 
funny joke about “experientia docet”’. 
To translate this as “experiments 
teach” is certainly bad Latin, but it is 
nevertheless true. And, since the most 
valuable experiences are experimental in 
nature, the meaning of the mistransla- 
tion is really not so far removed from 
the meaning of the original tag. Even 
if Latin is a dead language we still say 
“experientia docet’”. Why does Miss 
Fry write “used to say’? Is it possible 
she is being arch? 

The removal of obscurities may take 
rather longer. 

What does she mean by “a fairly 
generous allowance of fundamental 
research”? An allowance of time, of 
effort, of money, or just tolerance? 

‘. . . the scientist’s behaviour is that 
as a_ species. How can one 
scientist be a species? 

“Fortunately the engagingly simple 
way .. . new dispensation.” Has this 
sentence any real meaning, and if it has 
can it be reconciled with the previous 
sentence, the frankly terrified one? 

“He will permit specialisation to other 
scientists but is an incurable believer in 
amateurism for everyone else.” The 
meaning of this would be less obscure 
if it were not for the false antithesis 
between specialisation and amateurism. 
The antithesis to amateurism is pro- 
fessionalism. Amateurs frequently 
specialise. I still don’t know what the 
sentence means. 

By that time her reading in scientific 
literature will have become wider and 
deeper, and she will have realised the 
profundity of her misunderstanding of 
the form in which scientific papers are 
cast. Scientists do not cite authorities— 
they give references to previous publica- 
tions. No scientist expects his con- 
clusions to be accepted by others 
without evidence, and therefore sets out 
at full length his experimental work 
and his reasoning. If he has occasion to 
quote, and to build on, conclusions 
arrived at in previous publications, by 
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himself or others, he realises that his 
readers will wish to have the oppor- 
tunity of checking these conclusions 
also, and therefore gives such references 
as will enable this to be done. 

I sincerely hope that it will be a good 
thing for people trained in the arts to 
move over to the sciences—but heaven 
help us if they come as apostles and 
not as disciples. 

GEO. S. FERRIER, PH.D. 
Stornoway, Isle of Lewis. 


Sir: 

While freely acknowledging that Miss 
Fry’s portrait of the world of science 
which appeared in your September issue 
contains an uncomfortably high propor- 
tion of truth, I think it advisable to 
warn the less experienced of your 
readers that the mirror she holds up to 
her scientists is, to say the least, tinted. 

Miss Fry appears to be upset because 
the typical scientist does not conform to 
her idea of perfection, but turns out to 
be a mere mortal instead. I might, with 
as much reason, reply that the typical 
composer bears little resemblance to 
Beethoven, or that the typical painter 
falls short of Rembrandt. Let me warn 
her, before she has the shock of dis- 
covering it for herself, that there is 
probably as much mediocrity and as 
much wasted effort in the scientific world 
as in the artistic. This is especially so 
in the realm of scientific writing, which 
causes her so much distress. 

Writing is probably the worst part of 
the scientific world, and it must be con- 
fessed that much of it is very bad 
indeed, much pointless, and much mere 
repetition of earlier work. Nevertheless. 
the better work can easily be defended 
against your correspondent’s charges of 
arrogance and narrowmindedness. Does 
she not realise that the list of references 
at the end of a scientific paper serves, 
not to prove that the author is in 
fashionable company, but as a guide to 
the interested reader, helping him to dig 
further into the background of the sub- 
ject. and to examine for himself the 
validity of the assumptions made in the 
paper? If she insists on prohibiting all 
assumptions, she must expect each new 
paper to be expanded to the size of a 
textbook, including the relevant matter 
from the works which would otherwise 
have been merely listed. Most arrogant 
scientists, guilty of quoting their own 
work, and accused of claiming to know 
other people’s jobs inside out, would, 
nevertheless, boggle at making a state- 
ment akin to the last paragraph of Miss 
Fry's letter. 

There is a hint that she is vaguely 
aware that scientists as well as artists 
are human, though, for some mysterious 
reason, she appears to resent it. Per- 
haps she has been unkindly deprived of 
the popular and comfortable belief that 
the artist epitomises all that is human, 
while the scientist is almost a machine. 
Let us recognise the folly of this notion, 
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for science and art represent comple- 
mentary sides of man’s nature, and both 
must, to some extent, appeal to all. It 
is as absurd to expect the scientist to 
indulge no emotions as it is to expect 
the artist to use no logic; this is to 
reduce one to a machine and the other 
to an animal. It would be disastrous if 
either conformed to the popular mis- 
conceptions. 

I have, of course, grossly oversimpli- 
fied the situation, and, in the process, I 
have probably been rather unkind to 
Miss Fry, but it seems to me to be im- 
portant to correct the misapprehensions 
which her letter probably caused. Both 
scientist and artist should be regarded 
primarily as men, albeit with widely 
different tendencies in their outlooks, 
and not as totally different and irrecon- 
cilable creatures. The most regrettable 
aspect of Miss Fry’s letter is that it 
tends to emphasise the differences and 
encourage the spread of the already too 
common distrust which exists between 
the worlds, neither of which can be 
complete without the other. An objec- 
tive attempt to assess the scientist’s 
shortcomings could have been a helpful 
contribution towards the understanding 
of scientists (by themselves as well as 
others); an inconsistent tirade is mere 
provocation. ALAN GEE. 
London, W.9. 


Sir: 

I was very interested in Clare Fry’s 
letter in your September issue. But why 
does she think that scientists should 
forsake the emotions? That is exactly 
where it all goes wrong. The emotions 
are far more important than mere intel- 
lect. Why try to live in a refrigerator? 

Anyway, Clare Fry goes on to say 
that the scientist “sinks his interest in 
the love of his chosen task’. Surely 
this is accepting emotionalism with a 
vengeance. 

The trouble today is that the scientist 
is too fond of making mountains out of 
molehills. They love to mystify—like 
schoolboys who will not grow up. 
During hostilities, while I was a Flight- 
Sergeant in the RAF, my lads used an 
expression “blinded by science’. This 
is a reflection on the methods used to 
maintain a reputation unworthy of so 
much effort. 

Science, as understood by the layman, 
tends to deaden vision. Scientific sub- 
jects are written up in such jargon that 
they become uninteresting and all but 
impossible to understand. The scientist’s 
life is cramped by prejudices. Once in 
a groove he has no option; he can no 
longer change his views or his occupa- 
tion. Society will not let him. 

There are far too many people today 
who are unwilling to acknowledge when 
they are defeated. They prefer to 
remain stagnant—their poor little tad- 
poles of ideas floating round in a 
puddle. 


NOVEMBER 1956 DISCOVERY 


God send us people with imagination. 
Yes! Yes, let us be emotional. The 
world is being starved by misery. One 
doesn’t have to be dead serious to be 
clever, or to be a fool in order to be 
interesting. 

The late Will Hay—the schoolmaster 
comedian, was well known as an 
astronomer. H. G. Wells was a scien- 
tist long before he began to amuse 
millions of readers with his popular 
novels. Humphry Davy wasted valuable 
hours at school telling the other boys 
tales about Elfs and Pixies, and making 
“thunder flashes’, then turned out to be 
one of England’s greatest scientists. Vic 
Oliver is a fine comedian, but his real 
life’s work is real music for the millions; 
and what a splendid musician he is! 

Yes, sir, let the scientist come off his 
lofty perch and be a bit more human— 
we shall all be the better for it. 

Yours truly, 
C. FARLEY. 


Folkestone, Kent. 


Weather and Atomic Explosions 


Sir: 

Your editorial of August, p. 310, on 
the hazards of nuclear radiation, was 
most encouraging. When a responsible 
journal speaks unambiguously, instead 
of politely, about nuclear explosive 
devices the outlook is not wholly bleak. 
But a further impolite question remains. 

The Australian Newsletter, dated Aug. 
16, 1956, reports on the then forth- 
coming atom-bomb tests at Maralinga, 
and says, “An investigation had shown 
that atomic explosions could not affect 
the weather.” Since the existing evidence 
suggests exactly the reverse conclusion, 
this dozen words is of great interest. 

A comprehensive article on this sub- 
ject by Sir Graham Sutton, Director of 
the Meteorological Office, appeared in 
Nature of Feb. 19, 1955. The formation 
of water droplets, fundamental to cloud- 
or rain-formation, was discussed; a 
formula was given showing how the 
equilibrium vapour pressure of a droplet 
(and hence its tendency to grow or 
diminish) is related, among other things, 
to the electrical charge upon its surface. 
Evidently any alteration in this charge 
will affect the growth of the drop. 
Equally evidently, increased radioactivity 
in the atmosphere is likely to produce 
alterations in the charges upon droplet 
surfaces. It seems that on this count 
alone the continued dispersal of radio- 
active matter theoretically must affect 
the behaviour of droplets, and hence 
cloud cover and rainfall. It remains to 
be discovered whether this effect is of 
practical significance. 

Sir Graham Sutton went no further 
on this vital point than to say: “It has 
not proved possible to compute a likely 
value for the charge on a drop encoun- 
tering the radioactive cloud .. . but it is 
clear that unless very high charges are 
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acquired, the rate of growth of droplets 
in the free atmosphere is not affected.” 
About the whole question he said: “The 
present state of meteorological know- 
ledge renders it unlikely that a firm 
conclusion can be reached.” 

In view of the then apparent absence 
of data there seems no logical support 
for the next following suggestion in the 
article, that thermonuclear trials could 
not be held responsible for weather 
changes. 

From the above-mentioned Australian 
report we must now presume that ex- 
haustive research into the matter has 
proved that none of the products of the 
various nuclear weapons can, under any 
conditions, produce high charges for 
any length of time on water droplets. 
Also presumably the complicated and 
little-understood processes, by which 
ions and condensation-nuclei affect cloud 
formation, have now been fully eluci- 
dated—especially in the upper atmo- 
sphere where their novel effects could 
be significant. 

An editorial in Weather of May 1955, 
after some impeccable observations upon 
the place of nuclear weapons in human 
affairs, said: “It has been authoritatively 
stated that nuclear explosions can have 
no more than a very short-lived local 
effect upon the weather. We entirely 
agree with this conclusion. .. .” The 
editorial went on to imply that those 
who took the opposite view, that there 
was no available evidence for this 
assumption, were guilty of a frivolous 
approach to a serious subject. The 
source of “authority” was not named, 
so one must fit into the assigned frivo- 
lous category, and presume it to have 
been Aristotle. 

An article in the same issue of 
Weather, by the expert B. J. Mason, 
dismisses the various improbable pro- 
cesses suggested for bomb-effects on 
weather, and finally also dismisses the 
effect of ionised particles. He writes: 
“Since the naturally abundant small ions 
play virtually no part in cloud forma- 
tion, it is difficult to understand why an 
artificial increase in their numbers 
should have any effect on the rainfall.” 
It might be difficult to understand. So 
was the mechanism of soil-erosion— 
until after it had happened. 

If we set about changing the weather 
of our planet, deliberately or otherwise, 
the agricultural economy of our species 
is likely to be changed too. We should 
surely decide, therefore, before we can 
risk commencing the operation, what 
changes we wish to make. This is a 
matter for world opinion—frivolous or 
otherwise. 

It is most desirable that, as world 
citizens, we now be allowed to judge for 
ourselves the evidence for the far from 
self-evident conclusion reported from 
Australia, as described above. 

GEOFFREY BELL, M.A. 
Twickenham. 
































Fertilisation 
By Lord Rothschild (London, 
Methuen, ix + 170 pp., 18s.) 


Few books dealing with a specialised 
corner of research contrive to be wholly 
acceptable to the expert without repel- 
ling the more general reader. Lord 
Rothschild’s book on fertilisation is an 
exception. In the space of 150 pages 
or so. he reviews all the recent worth- 
while experimental work on the subject. 
and much of the older work as well, 
and it would be difficult for any expert 
to find serious fault with what he says. 
At the same time, he has provided an 
excellent starting-point for the new- 
comer to this rather fascinating field. 
After a brief description of the mor- 
phology of fertilisation, Lord Roths- 
child devotes nearly half the book to 
a predominantly chemical survey of 
sperm-egg interacting substances, egg 
metabolism and metabolic changes at 
fertilisation. There follow chapters on 
the structural changes at fertilisation, 
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polyspermy, electrical changes, and 
specificity. The chapter on electrical 
changes is. incidentally, an admirable 


summary of the action potential prob- 
lem. 

Perhaps the most useful aspect of the 
book is the author’s readiness to criticise 
theories of fertilisation, and a variety of 
ideas, such as the “throwing in of the 
cytochrome system” at fertilisation, are 
carefully examined and firmly squashed. 
On the other hand, the author is. per- 
haps, not sufficiently prepared to 
theorise himself. It may well be true, 
as he says in his introduction, that “the 
desire to formulate a new theory of 
fertilisation seems almost to be an 
occupational disease of the gametolo- 
gist’. But it is surely not true that “we 
have gone too far—and yet not far 
enough” to formulate theories. Without 
theories formulated a little in advance 
of the knowledge of the time, progress 
is slow indeed. 

It is unusual to find experimental 
biologists much concerned with nomen- 
clature, but here again, for reasons he 
gives in his introduction, Lord Roths- 
child is an exception. He has gone to 
considerable trouble to get his genera 
and species right, and he includes a long 
list of the animals and plants he men- 
tions, with their various earlier names. 
The experimentalist may, perhaps, feel 
that this is being unduly fussy, but 
having been taken to task in the intro- 
duction for supposing Arbacia lixula 
and Arbacia pustulosa to be different 


species, I must ruefully admit that more 
taxonomic exactitude would probably 
be a good thing. MICHAEL SWANN 


Recent Archaeological Excavations in 
Britain 

Edited by R. L. S. Bruce-Mitford 

(London, Routledge & Kegan Paul, 

309 pp., 52 plates, 81 text-figs., 42s.) 
Archaeological field-work goes on every 
season and fresh discoveries are in due 
course published in specialist reviews or 
as weighty monographs. Even for the 
professional archaeologist it is hard to 
keep abreast of affairs outside a com- 
paratively narrow speciality, though 
contact with colleagues working in 
neighbouring fields enables him to be 
aware of at least the most important 
events elsewhere. 

Only the most striking discoveries 
receive more than a short paragraph by 
way of notice in the public Press, so 
that the increasing intelligent public fol- 
lowing for archaeology, which may not 
go so far as to take actual part in field- 
work or to join an archaeological 
society, finds it hard to obtain a general 
view of recent advances, which do not 
yet figure in the textbooks. 

This book is designed to put before 
that public serious and authoritative 


accounts by the experts concerned of 


some recent work, without jargon or 
unexplained’ technicalities. It goes 
beyond this and offers for the student, 
and even for the professional, outside 
his own special period, a most valuable 
summary of some now famous, mainly 
post-war, excavations, of which he may 
not have read in the original publica- 
tions. In fact, in some cases these 
chapters represent the first, though not, 
of course, the full and _ definitive 
publication. 

Twelve authors have each contributed 
a chapter. Most are reports of particular 
excavations or sites; a few are reviews 
of progress in a wider field, but all are 
first-hand accounts by the men chiefly 
concerned. Mr R. L. S. Bruce-Mitford, 
himself one of the contributors, edits 
the whole. 

He is at pains to point out in his 
Introduction that excavation is not the 
whole, or even necessarily the most 
important part, of archaeology. Nor do 
these selected sites represent more than 
a small fraction of the total work that 
has been going on, nor all the areas 
where field-workers are active. 

Prof. J. G. D. Clark opens with an 
account of the Mesolithic site at Star 
Carr, Yorkshire, where the waterlogged 
peaty deposits had preserved many 
organic materials. On the usual dry, 
sandy sites. from which most British 
Mesolithic finds come, hardly anything 
but flint survives, so that Star Carr has 
provided much new evidence, about 
equipment of wood, bark, bone, and 
antler used by these people. The story 
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shows how closely the archaeologist 
concerned with the earlier Stone Ages 
has to work with scientific specialists— 
botanists, Zoologists, geologists, and 
others—in order to reconstruct the 
natural environment and economy of 
people closely dependent on immediate 
natural resources for their living. 

Chapter II, the story and description 
of the Snettisham (Norfolk) Treasure, 
by R. Rainbird Clark, shows how much, 
in contrast with planned excavations 
like Star Carr, the archaeologist depends 
on pure chance for the more striking 
finds. The hoard of gold torcs (neck- 
ornaments) and coins of gold and “tin”, 
dated to the immediately pre-Roman 
Iron Age, was evidently the property of 
an itinerant goldsmith, buried for safety 
and never recovered. Not until the field 
where they were hidden was deep- 
ploughed in 1948 did they come to light 
again. Excavation later yielded more 
objects. 

Finds of such intrinsic value and 
beauty are hardly ever made in British 
prehistoric tombs or habitations. Unless 
lost, or deliberately buried and _ for- 
gotten, their inevitable destination would 
long since have been the melting-pot. 
Indeed, such would probably be their 
fate today, were it not now clear that 
the finder of treasure-trove is likely to 
be better rewarded if he declares the 
finds to the coroner and receives, as is 
customary, their full value as antiquities 
if they are seized by the Crown. In the 
case of unique and beautiful objects 
like these, this is considerably more 
than their worth as bullion. 

Sir Mortimer Wheeler, in Chapter III. 
brings once more to life an “outland” 
tribe of Romano-Britons, the Brigantes, 
whose fortress of Stanwick, Yorkshire, 
he excavated in 1951-2. With a soldier’s 
eye for country he interprets the 
material evidence from the earthworks 
and with scholarly pen marshals the 
contemporary references from literature 
to build a fascinating picture of last- 
ditch resistance by “an embattled mob 
in unwonted conditions against an army 
engaged upon a normal manceuvre”’. 

The scarcity or absence of quern- 
stones, grain-pits, and field-systems sug- 
gest that these Northerners were not 
agriculturists, as were the contemporary 
southern and lowland Britons, but 
rather stock-breeders—an interesting 
sidelight on the economy of the High- 
land Zone in their time. 

Mithras first became a _ household 
name in modern England with the dis- 
covery of the Walbrook Mithraeum in 
the City of London. His cult has long 
been known to Roman archaeologists in 
Britain and our knowledge of it is sum- 
marised in Chapter IV by Prof. I. A. 
Richmond, using as his text the Carraw- 
burgh Temple on _ Hadrian’s Wall, 
excavated under his direction in 1950. 

As at Star Carr, waterlogged deposits 
had by happy chance preserved posts, 
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Crystallographic Data 
for the 
Calcium Silicates 


by L. HELLER and H. F. W. TAYLOR 


Tabulated under uniform headings, information 
about calcium silicates of varying composition, 
both anhydrous and hydrated, is set out for 
easy reference by the technologist or mineralo- 
gist. Data include the occurrence in nature and 
in technology, method of synthesis, and certain 
physical properties as an aid to identification. 
Cloth bound. 10s. 6d. (post 11d.) 
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from the Government Bookshops 
or through any bookseller 


Engineering Analysis 
Stephen H. Crandall 


Associate Professor of Mechanical Engineering 
Massachusetts Institute of Technology 


The use of high-speed automatic computing 
machines is making possible the solution 
of very complex engineering problems. 
This book is concerned with the analysis of 
such problems and the methods for solving 
them numerically. The material is arranged 
according to three broad classifications: 
equilibrium, eigenvalue and propagation 
problems. Procedures are included for 
hand computation and automatic machine 
computation. 
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9x 6 inches 475 pages 
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Practical Forensic Medicine 


F.E.CAMPS, M.D., and W. B. PURCHASE, C.B.E., M.C., M.B. 
An indispensable handbook containing essentia! 
information alphabetically arranged for ready 
reference. This book is very fully illustrated and contains 
a full summary of toxicological information. 45s. 


The Sexual, Marital and 
Family Relationships of the 
English Woman 


DR EUSTACE CHESSER, Research Director of the 
Research Council into Marriage and Human 

Relationships, consisting of: Prof. F. A. E. CREW, F.R.S., 
Prof. ALEXANDER KENNEDY, M.D., D.P.M., 

DORIS ODLUM, M.A., M.D., KENNETH WALKER, M.A., M.D.. 
Canon HUGH WARNER, M.A. 75S. 
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Automation: its Purpose 
and Future 


MAGNUS PYKE, B.SC., PH.D. 
A lively and thought-provoking survey of “‘auto- 
mation” in which the past is briefly reviewed, the 
present lucidly described, and the future shrewdly 
assessed. The whole field is covered, from factory 
and laboratory control to translation machines and 
guided missiles. Illustrated. 16s. 


High Speed Flight 
E. OWER, B.Sc., and J. L. NAYLER, M.A. 
This book explains to the layman, with a minimum 
of technicality, the human and mechanical problems 
of high speed and supersonic flight. It is very fully 
illustrated in line and half-tone. 25s. 
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fallen beams, floor-boarding, and wattle- 
work, so that much more than is usual 
of the internal fittings of the building, 
at several stages of decay and recon- 
struction, was discovered. Three in- 
scribed altars recorded the piety of 
three successive military commanders of 
units garrisoning the adjacent Wall. 

Chapter V is concerned with the 
Roman villa at Lullingstone, Kent. 
Colonel G. W. Meates tells of its dis- 
covery in 1948 and the progress of the 
excavation to the date of writing (for 
the work still continues and may yield 
even more exciting finds). Roman 
country houses, or villas, are not un- 
common, but Lullingstone has thrice 
over proved to be unique: in the quality 
of its pictorial and inscribed mosaic 
pavement, in the discovery of two 
marble portrait-busts, and in its inclusion 
of the earliest known place of Christian 
worship in Britain. The last was a 
private chapel having plastered walls 
painted with scenes and figures, quite 
unlike the conventional designs or hap- 
hazard spatter-work of rather garish 
colouring usual in Roman plaster. The 
buildings were crossed by the modern 
road and work had to stop at this line, 
leaving (among other things) the east 
end of the chapel unexplored. Since 
this was written the road has been 
rebuilt to one side, so that the parts 
covered by its former course are, this 
year, accessible. 

Prof. W. F. Grimes. contributes 
Chapter V, a first survey of seven years’ 
work on bombed sites in the City of 
London. It is to the City’s shame that 
this has not been financed on the scale 
it deserved, though the writer barely 
alludes to the stringent circumstances. 
It is to his shining credit that so much 
has been achieved in the face of such 
technical difficulties and with such 
slender resources. 

Medieval structures survive mainly in 
religious buildings, owing to their 
removal in excavating cellars for the 
numerous reconstructions elsewhere. St 
Bride’s Church, Fleet Street. and the 
Charterhouse are examples in which it 
was possible by excavation to recover 
accurate plans of earlier stages in their 
history. 

For the Roman period, deposits of 
which lie well below modern basement 
floors, medieval pits and other dis- 
turbances have greatly complicated the 
stratification. Identification of these 
and their removal before excavation of 
the Roman levels was the only way to 
avoid serious confusion. The defences 
of the Roman fort at Cripplegate and 
the Walbrook Temple of Mithras illus- 
trate these difficulties. 

The Sutton Hoo pagan Saxon ship- 
barrow is the only pre-war excavation 
in the list. Mr C. W. Phillips, in 
Chapter VII, describes the finding in 
1939 of its unique riches, the public 
interest in which was abruptly eclipsed 
by the outbreak of war. With becom- 
ing modesty the writer admits to pre- 
vious lack of experience in excavating 
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ship-burials (shared by all his other 
colleagues here!) and attributes the suc- 
cess of the venture to unusually calm, 
dry weather, to the resources of a 
private patron (Mrs Pretty, the land- 
owner), and to amateur improvisation. 
The grave goods consisted of the now 
famous silver dishes, bronze cauldrons 
and other vessels, iron weapons, the 
great drinking-horn, jewellery, a purse 
with gold coins, and other objects too 
numerous to re-catalogue. All had been 
covered with a wooden burial-chamber, 
set amidships in a clinker-built vessel 
89 feet long and of 15 feet beam. There 
was, apparently, no body, so that the 
monument is thought to have been a 
cenotaph. 

Another first publication is Chapter 
VIII by Mr _ Bruce-Mitford, on the 
9th-1llth-century settlement at Mawgan 
Porth, Cornwall, excavated in 1950-4. 
This was a first glimpse of a habitation- 
site of the period, hitherto quite un- 
known in this region and, indeed, little 
known elsewhere in Britain. A _ con- 
siderable area of the hillside was 
stripped, revealing the plans of several 
well-built stone, turf-roofed courtyard 
houses, terraced into the slope, and a 
cemetery, all buried in blown sand. 

Finds were neither plentiful nor 
sShowy—a single Saxon coin from one 
of the walls, found during the explora- 
tory excavation in 1949, sherds of 
pottery, a few bone and stone objects— 
but they sufficed to tell the story of a 
short-lived peaceful hamlet evacuated in 
good order by the inhabitants before 
the threat of the overwhelming sand. 
The characteristic “bar-lip” pottery, 
known elsewhere in Cornwall, has its 
nearest affinities in Friesland and the 
North Sea coasts of Britain, suggesting 
close trade relations with that region— 
perhaps Low-Country ships carrying 
Cornish tin to the Rhineland. 

Chapter IX carries us from the ex- 
treme south to the extreme north of 
these islands—to Jarlshof, close to 
Sumburgh Head, Shetland. Mr J. R. C. 
Hamilton describes the succeeding dwell- 
ings at this strategic spot, from the 
oval huts of Neolithic crofters with a 
Megalithic burial tradition, through the 
Late Bronze Age, Early Iron Age broch- 
and wheel-house builders, a Viking 
settlement of several periods, the Middle 
Ages, and up to the early 17th century. 
These have been revealed by various 
excavators between 1905 and_ 1952, 
forming a mound in which the struc- 
tures of each succeeding period were 
founded on blown sand covering those 
of its predecessor. No other site in this 
country can show almost continuous 
occupation for perhaps 3000 years. 

Norman England is represented by 
Mr Hope-Taylor’s account, in Chap- 
ter X, of his excavation of a “motte” 
at Abinger, Surrey. These (often illicit) 
private castles were the very symbol of 
conquest and domination—large mounds 
surrounded by a ditch, often enclosed 
in an area defended by outer earth- 
works, the “bailey”. The mounds were 
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surmounted by timber watch-towers, 
whose exact construction was, for want 
of evidence from excavation, all but 
unknown. This example lacked the 
bailey. It gave the post-plan of a stilted 
look-out and refuge-tower with its 
palisade of massive cleft oak timbers 
supporting an internal sentry-walk. The 
upper works and approach could be 
tentatively reconstructed from contem- 
porary pictures and carvings. Built 
first about 1100, the timber-work was 
reconstructed about fifty years later, the 
dating-evidence coming in the form of 
pottery from the stratified filling of the 
ditch. 

The history of the Middle Ages tells 
us little about the daily life of the 
common man. If he is interested in 
peasant economics, architecture, or tech- 
nology, the historian must turn excava- 
tor to find the answer to his problems. 
In Chapter XI, Mr J. G. Hurst thus 
explains the foundation of the Deserted 
Medieval Village Research Group and 
gives an account of one excavation, in 
1954-5, at Wharram Percy, Yorkshire, 
to test methods appropriate to such a 
“lost” village. This forms a mere 
appendix, though an important one, to 
a fascinating chapter on the whole sub- 
ject of deserted villages and plans to 
elucidate their problems. 

Dr J. K. S. St Joseph writes the last 
chapter, on some results of recent 
archaeological reconnaissance from the 
air, of which he is the principal! practi- 
tioner in Britain today. His magnificent 
photographs bring the archaeological 
riches of our countryside before us in a 
way which no pedestrian survey can do, 
though this, too, is mecessary before 
taking up the spade. All periods from 
the Neolithic to Mr Hurst’s villages are 
represented—henges and cursus, barrow- 
circles and farmsteads, hill-forts, Roman 
camps, towns, roads, watercourses, and 
villas—all are to be seen revealed in 
crop-marks or slanting shadow-relief, 
often in such detail that the exact posi- 
tions of individual pits and post-holes 
can be plotted on the ground before a 
turf is lifted. This is, indeed, a potent 
instrument of exploration and_ the 
writer’s patience and skill have been 
amply rewarded. 

A final Note on the Law of Treasure 
Trove, by the Editor, makes clear that 
the best interests (as well as the most 
sordid!) of finder, landowner, archaeo- 
logist, and museum are served by com- 
pliance with its ancient requirements. 
The most recent applications of the law 
to finds of antiquity have been generous 
beyond the wildest hopes of a treasure- 
hunter’s cupidity. Pure chance, how- 
ever, governs the finding of hoards like 
the Mildenhall Silver, the Snettisham 
Treasure, or the Sutton Hoo ship. The 
hard labour involved in illicit stripping 
of barrows is unlikely to pay off. 

Two guineas is a modest price for so 
much valuable information, painlessly 
imparted, scholarship, and sheer beauty 
of illustration between two. covers. 
Most professionals, even, will find 
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something here that they did not know 
before and many of us a great deal that 
we ought to have known, but didn't! 
Editor, contributors, and publisher have 


all done a first-rate job. 
I. W. CORNWALL 


Further Outlook 


By W. Grey Walter (London, G. 
Duckworth & Co., 1956, 12s. 6d.) 


Presented with a diagram of snowflake 
patterns, it is a poor soul who is not 
entranced. The forms are precise, geo- 
metrically conditioned—yet unexpected. 
“Further Outlook” entrances similarly. 
The metaphor is indeed suggested by 
this science-fiction story, telling of the 
mathematical concept of the “snow- 
flake curve’ put to use—to make a 
time-machine! 

It is a change to find the introductory 
setting, not in some exotic desert or 
space-station, nor even in an overdone 
psychometric laboratory, but in Notting 
Hill Gate underground during an air- 
raid in 1940. Paula is then but a 
youngster; we are not sure whether the 
hysteria following a bomb on her home 
will lead to an engagement of some kind 
with Dr Wing Wedge, a _ practising 
psychiatrist, or whether ... In fact the 
lady brings all her noteworthy feminine 
powers to the promotion of “Operation 
Snowball’. 

A dozen or so people, successful in 
their respective scientific vocations, 
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agree that material rewards do not 
satisfy. Paula suggests a group research 
effort and, working within the terms of 
reference of Anglo-American conven- 
tions, even helps to engineer its financial 
resources. For the “therapy” of Opera- 
tion Snowball lies in its guise as a space- 
flight project. Understandably, more 
than one of the group is in love with 
Paula, but since these matters are all 
handled at psychiatric level the cloying 
effect of the conventional novel is 
absent and civilised emotional relations 
are permitted to all. 

Sandwiched among the fun is a posi- 
tive philosophy, happily and healthily 
attuned to our developing world. “We 
respond to fame’s trumpeting of an in- 
dividual scientist, but are often deaf to 
her orchestrations; yet of all human 
activities the occupation of science is 
more like a symphony than a solo.” 
So observes Dr Wedge of Operation 
Snowball’s group work. 

The project is a success, and the 
device flies as predicted. But the purse 
strings become entangled with the cur- 
tain-cords of—yes—That Curtain. Our 
prize piece of contemporary political 
furniture, the Security Investigation, is 
still cluttering the living space in 1964, 
but by then “it would have been hard 
to find anywhere in the world any con- 
siderable number of scientists having 
any sympathy whatever with the forces 
of secrecy and disorder, as most of us 
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A book of great topical interest. 


ATOMIC AGE 


Charlotte Auerbach 


This account 
of heredity and mutation explains, 
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ROCKETS 
and SPACE 


Lloyd Mallan 


regarded such regulations. . . . The 
scientist is always wrong; he is essen- 
tially a rebel; he only postulates his 
‘laws’ for them to be broken by him- 
self or by others... . The Round Table 
of Science, moreover, has room for all 
who can find their way to it....” The 
problem of security in respect of the 
flying device is met simply—by selling 
it to America. So your reviewer dare 
hardly disclose the unexpected, yet 
logical basis of the design! 

Simon Gloster, one of the leading 
characters of Operation Snowball, 1964, 
describes how he found a document in 
very remarkable circumstances; indeed 
Wedge suspects in him some mental 
disorder. The document is coded by a 
simple method involving a certain make 
of typewriter; decoded, it purports to 
be a letter from one of the Snowball 
group who is no longer with them. But 
the letter explains he is “now” a person 
of world-eminence—in 2056. The letter, 
written from the “snowflake” time- 
machine, deals engagingly with his 
immediately “past” history; it gives usa 
detailed account of mankind’s possible 
future. 

There was the Age of Variation, dur- 
ing which the human race only just 
succeeded in solving the genetical prob- 
lem raised by its monkeying with atom 
bombs. Accounts of sailflying in the 
2ist century credit the Chinese with a 
charming innovation, an aerial dance 
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which everybody can understand, the dangers 
inherent in the widespread use of atomic energy/ 
The author is one of the world’s foremost 
pioneers in her subject. 


The New Statesman and Nation said: “Dr 
Auerbach’s book is not only—as would be 
expected—scientifically sound and accurate; it 
is also exceptionally concise and lucid, an out- 
standing example of popular writing on a 
subject on which we all ought to be informed.” 
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A thrilling and factual account of the hair- 
raising experiments and the unassuming 
courage of the men who have dedicated 
their lives to the mastery of space. The 
author takes the reader into the cockpits 
of the fastest planes in the world to ex- 
perience the unrelenting struggle between 
the pilot and the elements and the final 
serenity of success. The story maintains 
throughout a pitch of tension that keeps 
the reader on the edge of his chair with 
excitement. 

320 pp., Illustrated. 18s. net. 
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performed by “lady-boat-birds” and 
“gentleman-boat-birds”’. Soaring is 
Simon Gloster’s main diversion, inciden- 
tally, and the gliding man or woman 
will be intrigued by the author’s obvious 
first-hand experience of the sport. It 
has been as yet scarcely handled in 
fiction, and then seldom authentically. 

Those who have read Dr Grey 
Walter’s intriguing “The Living Brain” 
will find renewed pleasure in an adult 
mind expressing modern truths, this 
time garbed fashionably in fiction. His 
Dr Wedge is an engaging character of 
Freudian persuasion who yet makes full 
use of the modern technological aids; 
and who also takes on, as team worker. 
a lady whose allegiance is to the school 
of Jung since that was “outside my 
sympathy if not my comprehension”! 

A literary approach may not be called 
for in these columns, but the book is 
too clearly of the first rank to be 
accorded merely a panegyric. There is 
the great delight of a story in depth— 
a happy hunting ground of reading 
between the lines. What, for example, 
are we to make of the “letter” from 
A.D. 2056 coded on an uncommon style 
of a kind owned by Dr 
Wedge himself? And of the disappear- 
ance of the original document which 
would have helped to establish on what 
machine it had been typed? 

On the other hand the very richness 
of invention may ensnare the story 
somewhat, and the warmth of living 
people seems not always to pass the 
electroencephalographic filter. So there 
is something a little unresolved in 
“Further Outlook”; it has the charm of 
a snowflake diagram—rather than of a 
snowflake. Let it be understood—we 
welcome the diagram; especially when 
it is in 3-D, and leads to a fuller enjoy- 
ment of the real thing! Moreover, it 
seems fair to say it is the most scien- 
tifically reputable, and readable, science- 
fiction novel yet to appear. 

In this country absence of invention 
by people of the pen has been a recent 
cause for lamentation. “Further Out- 
look” is a cause for rejoicing. 


GEOFFREY BELL 





The Physics and Chemistry of Life 
By various authors (New York, 1956. 


A_ Scientific American Book. Stiff 
paper wrappers, 270 pp., $1.00) 
The eighteen chapters originally ap- 


peared as contributions over a number 
of years to the Scientific American. 
Some of the authors are of international 
repute, and the work is designed to 
“present a synthesis of the state of know- 
ledge of life’. The treatment of the 
topics varies from the simply popular 
to the highly technical. Thus C. H. 
Waddington begins his chapter on cell 
differentiation: “How is it that a single 
fertilised egg. a tiny blob of apparently 
formless protoplasm, can become a man 
—with eyes, ears, arms, legs, heart and 
brain?” At the other extreme we have 
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the elaborate analysis of the insulin 
molecule. with its complicated struc- 
tural diagram. George Wald’s opening 
chapter on the origin of life may appeal 
specially to the “priests, philosophers, 
and poets” to whom the work is recom- 
mended, but they may be disappointed 


by the finding that life is the result of 


mechanical laws of probability. Other 
main topics, all clearly summarised, deal 
with proteins, genes, enzymes, cell 
reproduction, and muscular energy. In 
the final chapter on the electrical activity 
of the brain, W. Grey Walter gives an 
interesting account of his Toposcope 
and Machina docilis at the Bristol 
Neurological Institute. 


D. M. WALMSLEY 


Nature Study, General Science, Science 
and the Community 


Courses arranged for the Autumn 
term of school broadcasts (London, 
British Broadcasting Corporation, 
1956, 6d. each.) 


The success of school broadcasts is 
obviously dependent upon the care with 
which they are integrated into the 
term’s work. However, in these days of 
an acute shortage of science staff, there 
can be little doubt of their value in 
enabling the same old stuff to be varied 
by talks with that original approach 
which the energetic teacher aims to pro- 
vide but seldom has time to prepare. 

The Nature Study course is of a very 
general character and has been planned 
for younger children. It includes simple 
but fairly detailed descriptions of one 
or two birds, small animals, insects and 
fish; two talks on the soil; one, sure to 
be popular, entitled Your Dog; and, 
finally, a quiz designed to test the know- 
ledge acquired during the session. 

“The Fight against Germs” is one of 
the courses prepared for the School 
Broadcasting Council under the broad 
heading of “Science and the Com- 
munity”. It outlines the historical back- 
ground, dealing in some detail with 
several major figures such as Koch and 
Lister; and it explains how germs are 
carried and the ways in which modern 
communities can be protected from 
disease. The course ends with a talk 
on the common cold and other virus 
diseases. 

The subject for the General Science 
course is Heat. Talks range from early 
ideas about heat to modern fuels and 
heat utilisation. 

The pamphlets issued with these 
broadcasts contain brief outlines of each 
talk and many excellent photographs 
and diagrams. That on Nature Study 
includes some beautiful reproductions in 
full colour. These pamphlets should 
be very useful to the teacher. They can 
serve either as an introduction to each 
lecture or as a summary of the main 
points for use during discussion. The 
leaflet on Heat contains sections on 
enterprising Things to Do, which should 
succeed in prolonging the interest of the 
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children until well after they have left 
the classroom. G. PARR 


Brief Notes 


The International Journal of Applied 
Radiation and Isotopes is published by 
Pergamon Press at £6 ($17) per volume. 
The Editorial Board includes representa- 
tives from Harwell, Oak Ridge, Wash- 
ington, Columbus, Moscow, Paris, and 
Amsterdam. The first issue, published 
in July, contains an editorial note by 
Sir John Cockcroft. in which he says: 
“Large fluxes of radiation, from radio- 
active sources and from particle 
accelerators, are now being used for 
such purposes as sterilisation, the pro- 
duction and study of genetic mutations, 
and the initiation of chemical reactions. 
The versatility of radioactive and radia- 
tion techniques has led to their use in a 
variety of specialist fields . . . in this 
as in other fields, much work has been 
duplicated in different parts of the 
world, through difficulties in keeping in 
touch with current developments. This 
journal is intended to provide a forum 
for the publication and discussion of 
these techniques, for the reporting of 
news of general interest in the field, 
and for the promotion of international 
co-operation.” 

The German monthly Die Atomwirt- 
schaft (Magazine for the Economic 
Aspects of Nuclear Energy, Verlag 
Handelsblatt GmbH, Diisseldorf, Pres- 
sehaus) has published a special “reactor 
issue” at $2, with data for 63 reactor 
installations and 76 reactors. There is 
a comparison of economic and techno- 
logical advantages and disadvantages of 
the various reactor types. 

In July the United Kingdom Atomic 
Energy Authority published a list of 
publications available to the public. 
This may be obtained on application to 
the Research Establishment at Harwell, 
Didcot, Berkshire. 

The Mellon Institute in Pittsburgh, 
U.S.A., is an endowed, non-profit- 
making body for conducting investiga- 
tions on problems in pure and applied 
natural sciences, for training research 
workers, and for providing technical 
information adaptable to professional, 
public, and industrial advantage. The 
annual report of the President for 
1955-6 illustrates the work it has 
recently undertaken. 

The Clean Air Act went on to the 
Statute Book on July 4 last, and the 
National Smoke Abatement Society has 
published a summary of it as a twelve- 
page booklet, available at 6d. from 
Palace Chambers, Bridge Street, Lon- 
don, S.W.1 

The Mond Magazine is a new publi- 
cation issued by the Mond Nickel 
Company Ltd., Thames House, Mill- 
bank, London, S.W.1. It will include 
illustrated articles in colour and black- 
and-white on the uses of nickel, copper, 
cobalt, gold, silver, the platinum metals, 
selenium, tellurium, sulphur, and iron 
ore. 
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Final Planning Conference 

It can hardly be said that the final 
planning conference of CSAGI and 
ACIGY in Barcelona during mid- 
September went off without a hitch. Yet 
so satisfactory and mumerous. were 
results announced on the last day that 
this might well have been supposed. 

This meeting, at which thirty countries 
were represented out of the fifty that 
now intend to participate, will above all 
stand out in the memories of interested 
scientists as the occasion chosen by the 
Soviet Union to announce that it really 
did intend to place an earth satellite in 
the sky beside the Americans’ during 
the IGY. “Sensational” is the only 
word to describe the development an- 
nounced during the final hour of the 
conference—that the Russians and 
Americans had agreed to work together 
in elaborating their respective satellite 
programmes, and that the Russians had 
accepted the already established observ- 
ing arrangements of the Americans 
as standard for all satellites. The 
Americans had announced earlier in the 
week, for instance, that their satellite 
will transmit data to the ground on a 
wavelength of 108 Mc/s. By also using 
108 Mc/s. the Soviet Union is enabling 
the chain of stations tracking the U.S. 
satellite to be interchangeable and there- 
fore equally valuable in tracking the 
Russian vehicle. 

In reporting the highlights of the con- 
ference the President, Prof. Sydney 
Chapman, described the inclusion of a 
programme on nuclear radiation in the 
atmosphere as “a most important addi- 
tion” to IGY activities. By inviting as 
widespread a participation as possible 
in carrying out simple tests it is hoped 
to establish a mean level of radiation 
during the IGY period, against which 
possible changes in atmospheric radia- 
tion due to man’s explosion of nuclear 
weapons can be measured. The pro- 
gramme is therefore of immediate con- 
cern to everyone, but it is of particular 
scientific interest to nuclear physicists 
and to meteorologists. 

During his summary of the con- 
ference’s special achievements, Prof. 
Chapman pointed out that the IGY 
working manuals, of which there will 
be one for each of the fourteen dis- 
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MONTH BY MONTH 


Compiled by Angela Croome 


The following countries have now agreed to take part in 
the activities of the IGY, thus bringing the total number 
of participating countries up to 50 (the original list of 43 
countries appears in the May issue, p. 205): Abyssinia, 
Bulgaria, Egypt, Indonesia, Iran, Roumania, Turkey. 


ciplines, had achieved great progress. 
There is every expectation that many 
will be of permanent use to scientists, 
not only during IGY. 

Prof. Chapman also noted that “a 
new stage had been reached in the 
organisation of the World Data 
Centres”. “Most of the decisions on 
this matter’—a crucial one and capable 
of making or marring the IGY’s success 
—‘‘had now been reached.” 

Prof. Chapman also explained the 
procedure that had been accepted for 
airing individual nation’s difficulties, 
criticisms, and anxieties. The fact that 
this had not previously existed was per- 
haps a major contribution to the unease 
evident among individual delegations 
during the early stages of the Barcelona 
meeting. The unease was linked with 
the unexpectedly unfavourable state of 
CSAGI’s finances, and with the slow 
circulation of information on this and 
other subjects. The Advisory Council 
of the organisation did, however, express 
its unanimous confidence in Dr Nicolet, 
Secretary-General, and asked him to 
withdraw his resignation which he had 
put forward. . 

The Barcelona meeting was the first 
occasion that many IGY participants 
had heard of the Finance Committee’s 
estimate of a deficit of $75.000 over this 
and thecomingtwoyears. The deficit was 
expected to be incurred by the running 
expenses of CSAGI itself which has, in 
the past half-year. had to expand its 
staff very considerably, due in turn to 
the great expansions of IGY activities 
and the number of nations taking part 
in the project. 

The fact that the Barcelona Con- 
ference passed off so smoothly and with 
so much achieved is very largely due to 
IGY’s President himself. Prof. Chap- 
man’s unfailing tact, good sense, and 
dignified realisation of the size of the 
occasion seemed to be at work through- 
out the steamy conference rooms where, 
with no air-conditioning and the ther- 
mometer standing at 90°F, more or less 
throughout the twenty-four hours, it 
was all too easy for tempers to fray. 


““Simpson’s Slices” 
During the Barcelona 
some preliminary geophysical 
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of primary scientific interest was an- 
nounced. This will provide “base-line” 
material for IGY researches and par- 
ticularly on cosmic rays and in geomag- 
netism. 

Dr Simpson of Chicago University 
recently made a number of observations 
which show that the cosmic ray equator, 
which may be expected to coincide with 
the geomagnetic equator, is displaced at 
some points as much as 40°. So strik- 
ing is this discovery that he has per- 
suaded the U.S. Air Force to lend him 
four aircraft, including a 6-engined jet, 
to make a comprehensive survey of con- 
ditions right round the equator. This 
operation began on the Monday (Sept. 
17) immediately following the Confer- 
ence, and consisted of flights zigzag 
across the equator making measure- 
ments all the way to establish defini- 
tively the cosmic ray equator. The 
operation, lasting 60 days, is likely to 
be known in shorthand terms as “Simp- 
son’s Slices”. If these results substan- 
tiate the previous findings, a point of 
fundamental importance to cosmologists 
and philosophers, as well as to physicists, 
is Suggested: that is, that the Earth, 
instead of being relatively close-lying to 
the Sun and in a vacuum—as was once 
thought—is in fact at the edge of the 
solar system and in no vacuum. Much 
else follows from this once it has become 
established. 

It seems quite the scientific fashion 
just now for equators and poles to 
multiply. As recently as the Antarctic 
IGY Conference in Paris some people 
learnt for the first time that Antarctica 
contains no less than four poles. Now 
a further equator—the cosmic ray 
equator—is to be added to the record. 


New Zealand Antarctic Society 
Antarctic is the name of the News 
Bulletin of the New Zealand Antarctic 
Society. It is being published quarterly, 
and includes details not only of New 
Zealand’s own activities, but also of 
other countries working in the Antarctic, 
either on IGY activities, or whaling and 
other more routine tasks. It is obtain- 
able from: L. B. Quartermain, P.O. Box 
2110, Wellington, N.Z. 
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Miniature Blowers for Cambridge 

Telescope 
Three axial flow blowers have been 
responsible for improvements in the 
performance of the new 36-inch tele- 
scope at the Observatories of the 
University of Cambridge (see picture). 

The blowers are mounted on the 
mirror housing of the powerful reflect- 
ing telescope which is engaged in photo- 
graphing distant stars. These blowers 
play a part in maintaining reflecting 
surfaces at constant temperature. As a 
result, it is now possible to collect data 
on stars previously beyond the photo- 
graphic range of this telescope. 

Before installation of the blowers, 


results were not entirely satisfactory in 





cases where photographic exposures of 
one or two hours were necessary, as the 
images of the stars were found to be 
enlarged owing to fluctuations in air 
temperature on the mirror surfaces of 
the telescope. This was caused by 
optical disturbances due to refraction of 
light when the cold night air circulated 
round the optical components and 
metal housing which had retained the 
heat of the day. It was realised that 
refraction must be prevented by forced 
ventilation and that this would reduce 
the size of star images and permit faint 
stars to be photographed with better 
definition in shorter periods of time. 
The system now in operation involves 
the drawing of refrigerated air over the 





mirror surfaces during the day, and at 
night drawing cool air down the hous- 
ing, over the mirror, and out through 
the back of the telescope. The equip- 
ment had to be capable of moving 
120 cubic feet of air per minute, but 
also be small and light and free from 
vibration to avoid unbalancing the 
whole telescope assembly. 


The Oceanic Distribution of Whales 


The National Institute of Oceanography 
is studying the world distribution of 
whales to obtain new evidence on their 
seasonal migrations and, if possible, to 
judge the relative concentration or 
sparseness of the whale populations in 
different parts of the oceans. 

With the co-operation of the Meteoro- 
logical Office, a scheme for the collec- 
tion of observations of whales from 
ships has been in operation for four 
years and much valuable information is 
being obtained in this way. There are, 
however, large oceanic areas which are 
not covered by modern shipping routes. 
In an effort to fill some of these gaps, 
the logbooks of 19th-century sperm and 
right whaling vessels (of the dld 
Southern Whale Fishery) are being 
examined for records of whales. These 
logbooks are proving difficult to trace 
and the Institute will be very pleased to 
receive any information regarding the 
whereabouts of any of these whalers’ 
logbooks, or indeed of any records of 
large numbers of whales seen at sea. 

Any information should be sent to 
the Secretary, The National Institute of 
Oceanography, Wormley, nr. Godalming, 
Surrey. 


Essay Competition 
To mark the completion of ten years’ 
publication of Weather, the Royal 
Meteorological Society offers a prize of 
40 guineas for an essay of about 
5000 words in English under the title: 
“The place of meteorology in liberal 
education.” 

The competition is open to anyone. 
Entries must be received at the Society 
by December 31, 1956. 


Brain “Cut” by Ultrasound 

According to Ciba News, the develop- 
ment of special ultrasonic precision 
equipment now makes “surgery” of the 
brain possible without actual cutting or 
electrocoagulation of brain _ tissues. 
However, excision of the scalp and 
removal of a portion of the cranium 
are necessary to permit the passage of 
high frequency sound waves. 

Because of the highly precise align- 
ment of the beam permitted by this new 
equipment, ultrasound waves can be 
focused with such accuracy that the 
amount of tissue destroyed can be 
rigidly controlled. It is stated that 
blood vessels in the brain are not 
injured, even though nerve tissue 1s 
destroyed during the process. 
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Electrically Cured Fish and Meat 


The Kiev Fish Combine and the 
Moscow Mikoyan Meat Combine, 
working in co-operation with scientists, 
have designed plant for the electrical 
curing of food products. 

At the Kiev Combine fish are being 
cured by the electrical method. Drying 
and baking of the fish are done by 
infra-red rays and curing is done in a 
field of high-frequency currents. The 
entire process is carried out on a con- 
veyor system. The curing process, which 
used to take two hours, now takes 
twelve minutes and the quality of the 
products is improved. 

Plant for the electrical curing of meat 
products, including sausages, hams, etc., 
is being developed at the Moscow 
Combine. Early experiments have 
shown that with the new plant the 
smoking process takes seven or eight 
minutes as against the previous time of 
three to five days, and the products are 
more tasty. 


£6500 Model Saves Refinery Building 

Costs. Three-dimensional Blueprint 
A scale model of a second Catalytic 
Cracking Plant, costing £6500, is being 
used as a three-dimensional blueprint 
at Pernis (Rotterdam) Refinery. Built 
of wood, plastic, and copper to scale 
of one in fifty, the model enabled tech- 
nologists to study the plant and 
especially the layout of the pipelines 
before building began, thus solving 
many problems in good time and avoid- 
ing alterations during construction. 
Later it was also used for planning the 
erection of the shear-legs when large 
components were being hoisted into 
position. The model is built in three 
parts; the catalytic cracker itself with 
fractionating column, the distillation 
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plant in which the feed is prepared, and 
the gas treater. These are mounted on 
separate tables which can be placed 
together for studying the complete 
plant. 

So successful has this model been 
that models of new plant for other Shell 
refineries at Cardon and Curacao are 
now being made. These will cost £2200 
each. 


The Weizmann Institute 

The two photographs here published are 

of the Weizmann Institute at Rehovoth 
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(top, a view of the exterior; below, the 
laboratory of physical chemistry). In 
our October issue, p. 404, we described 
the excellent work of this Institute, par- 
ticularly in the Department of Isotopes 
and the Department of Experimental 
Biology. 


Honey from Honey Ants 


The honey-ant (Melophorus inflatus) is 
highly regarded by Australian aborigines 
as a delicacy. The honey-bearing ants 
seem to be workers which are fed with 
nectar until their abdomens are dis- 
tended. According to McKeown 
(“Insect Wonders of Australia’, Angus 
and Robertson, Sydney), “the native .. . 
places the distended abdomen of the 
insect in the mouth and bites it off, 
letting the slightly acid honey flow over 
the tongue. . . .” In Nature of 
August 11, p. 320, Badger and Korytnyk 
report an examination of the carbo- 
hydrate constituents of this honey. 
They confirmed the presence of glucose 
and some fructose. A faint trace of a 
disaccharide (not sucrose) was also 
noticed. The fructose: glucose ratio 





In bee-honey 
fructose generally predominates and this 


was found to be 0°67. 
ratio averages 1:20, although wide 
variations are found. 


Lepidoptera 
The British Museum (Natural History) 
has recently acquired an important col- 
lection of about 24,000 specimens of 
European Lepidoptera, through the 
gift of Mr Guy T. Adkin, who tragically 
died on the day his collection reached 
the Museum. 

The very full data recorded about 








each specimen make the collection of 
special value. 


Floating Waterworks 

A “floating waterworks” has just gone 
into service in Iraq. It will play an im- 
portant part in supplying pure drinking 
water to remote areas of the country 
where villagers have, in the past, had to 
rely on the bacteria-laden waters of 
rivers and canals. The plant has been 
made in Wolverhampton by Marston 
Excelsior Ltd, a subsidiary company 
of ICI. It comprises a series of welded 
units bolted together to make up a 
vessel, on top of which the pumping 
and treatment plant is mounted. The 
unit is moored to the river bank by an 
arm pivoted to allow a rise or fall 
according to river level. This arm also 
serves aS an access gangway and 
carries the water pipe ashore and the 
electric cable aboard. The elements of 
a complete waterworks are present, 
sedimentation tanks, filter, chemical 
dosers, and pumps, but in this case the 
high-level tank is replaced by a well- 
known waterworks device called a 
pneumatic booster, in which water is 
stored at high pressure against a cushion 
of compressed air. Buoyancy tanks 
ensure that it will not sink under any 
conditions of handling or negligence. 
(See photograph.) 


Electronic Brain Assesses Atomic 
Damage 

The U.S. Federal Civil Defence 
Administration is to use a high-speed 
electronic digital computer to plan 
emergency action after possible nuclear 
attack. The computer is housed at 
Stanford University and is to be pro- 
vided with punched cards which can be 
operated to predict the results of an 
attack, as well as the ratios of survivors 
to surviving resources. The computer 
will be able to answer such questions 
as: how many hospital beds are 
available in a given district on the edge 
of an explosion? How many dwellings 
are intact and habitable? What is the 
threat of windborne radiation? 


Solar Furnaces 

A large solar furnace, about 100 kW in 
capacity, will be built by the U.S. Air 
Force at Cloudcroft, 9000 feet high in 
the Sacramento mountains near Alamo- 
gordo. New Mexico. The furnace will 
be used for high-temperature research 
and for testing materials and com- 
ponents of weapons. The high altitude 
of the site, the clearness of the sky in 
that area, and a perfected design. should 
permit attainment of very high tem- 
peratures. 

A Stanford Research Institute two- 
man research team has arrived in France 
to undertake a study of the design. con- 
struction, and operation of a large solar 
furnace on Mt Louis in the French 
Pyrenees. 

The Association for Applied Solar 
Energy is sponsoring the project as the 
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opening phase of its industrial solar 
furnace programme. 

The association’s long-term plan is to 
locate a large solar furnace on an 
Arizona site for use by United States 
industrial interests in high temperature 
research. Dr Eugene F. Poncelet, a 
physicist, and William C. Thuman, a 
chemist, are to study the mirror design 
and operating efficiency of the Mt Louis 
furnace, which is owned by the USS. 
National Center of Scientific Research. 
Dr Felix Trombe designed the furnace, 
which has a parabolic mirror 35 feet in 
diameter and achieves temperatures over 
3000°C. 


Electron Microscope for Industry 


A Siemens ELMISKOP I Electron 
Microscope, optical microscopes, testing 
machines, and various ancillary services 
such as complete dark-room facilities, 
will all be available at W. Wykeham 
and Company’s laboratory at Beech 
Hill, Ridgemead Road, _ Englefield 
Green, Egham, Surrey. 

The immediate objects of the labora- 
tory are to make the electron micro- 
scope and the facilities of the laboratory 
available to industry and to scientific 
organisations and, at the same time, to 
assist in the training of operators and 
the advancement of techniques. 


Less Malaria in the Mediterranean 

Since the introduction of DDT spraying 
at the end of World War II, annual 
cases of malaria in the Mediterranean 
region of southern Europe have been 
reduced from 4 million to less than 
10,000. This is in an area where, out 
of a total population of 170 million, 
100 million people live in malaria- 
threatened places. Campaigns carried 
out in Greece in recent years have pro- 
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vided scientists with much valuable 
knowledge on weapons being used in 
the fight against malaria. Success in 
reducing the yearly incidence of the 
disease has had significant effect on 
agricultural production, with the result 
that Greece now exports instead of im- 


porting rice and is practically self- 
supporting in wheat. 

Anti-malaria campaigns are being 
undertaken in Iran, Israel, Jordan. 


Lebanon, and Syria, and WHO is co- 
ordinating efforts in adjacent countries 


so that these efforts shall not be 
jeopardised. 

The Rainmakers 

Tabora, a _ railway junction § and 


administrative centre in the Western 
Province of Tanganyika, is dependent 
on the Kazima Dam ffor its water 
supply. The level of the reservoir was 
dangerously low at the end of March 
and it was therefore decided to try out 
a “cloud-seeking” technique evolved by 
the East African Meteorological 
Department in conjunction with the 
Admiralty and the Ministry of Supply. 
This technique .involves the use of 
2-inch naval rockets, modified to incor- 
porate particles of sea salt. 

The results of the experiment are still 
being studied, but there is evidence that 
under suitable conditions cloud-seeding 
does produce rain. A significant feature 
of the experiments was the repeated 
occurrence of rain over the catchment 
area some 12 minutes after seeding. At 
the conclusion of the experiments the 
level of the reservoir was 24 inches 
above the level at the beginning of the 
experiments, despite a daily consump- 
tion of 250,000 gallons and a high loss 
through evaporation. Rainfall recorded 
in the catchment area was about | to 
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Report on Synthetic Detergents 

The final report of the Committee on 
Synthetic Detergents, appointed in May 
1953 by the Minister of Housing and 
Local Government, has recently been 
published (H.M.S.O., 3s.). Most of the 
effects attributed by the Committee to 
synthetic detergents are stated to be due 
to their “surface-active’ ingredients, 
which are described as organic com- 
pounds having wetting, dispersing, and 
emulsifying properties. 

The Committee thinks there has not 
been any material increase of derma- 
titis through the more frequent use of 
synthetic detergents, but attention is 
drawn to the need for precautions such 
as rinsing and drying the hands after 
washing. The report also notes that 
“difficulties” may arise when synthetic 
detergents come into contact with some 
kinds of plumbing systems and house- 
hold appliances. 

The recommendations made by the 
Committee relate almost entirely to the 
effects of household synthetic deter- 
gents when they have passed into 
sewers. Detergents are not being com- 
pletely destroyed by existing processes 
of sewage treatment, and foaming and 
other troubles are liable to occur at 
sewage treatment works. The Com- 
mittee refer also to the effects on rivers 
into which sewage effluents are dis- 
charged, and in particular the effects on 
fish and plant life and on public water 
supplies. As the surface-active materials 
at present mainly used do not appear to 
be completely removed by the purifica- 
tion processes at present available, 
traces of them must be present in the 
water supplied to consumers. The Com- 
mittee conclude, ““No evidence that this 
could cause ill-effects is known, but the 
possibility of long-term effects needs to 
be kept under review.” 


New Oil-cracking Plant 

Imperial Chemical Industries Ltd have 
decided to erect a third oil-cracking 
plant at Wilton in north Yorkshire. 
Its main product, ethylene, will be used 
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to manufacture “Alkathene”’, the ICI 
brand of polythene, and ICI have 
decided to build additional plant that 
will raise the Company’s capacity for 
“Alkathene” in Britain to over 90,000 
tons per annum. These extensions, to- 
gether with ancillary services, will cost 
over £16 million. 


One Hundred and Fifty-nine Million 
more People 

The United Nations Demographic Year- 
book for 1955 gives the approximate 
total of the world’s population as 
2652 million for 1954. This is an in- 
crease of 159 million over the 1953 
figure. The most highly populated 
countries in the world were: the Chinese 
mainland, 583 million; India, 377 mil- 
lion; U.S.S.R., 214 million; U-.S.A., 
162 million; Japan, 88 million; Indo- 
nesia, 81 million, and _ Pakistan, 
80 million. 


Atom Versus Death Watch Beetle 
Atomic scientists in the United King- 
dom are planning to use the atom to 
outwit the death watch beetle, which 
each year causes considerable damage to 
the woodwork of ancient buildings. 
Physicists at the atomic energy research 
establishment in Harwell, collaborating 
with timber experts, have found that 
small doses of radioactive cobalt can 
halt the reproductive instinct in the 
beetle or make its eggs infertile. The 
method they have developed will be 
used to protect historic buildings and 
furniture, the principal victims of this 
destructive insect. 


Air Survey of British Railways 
Contracts for aerial mapping of nine- 
teen railway stations and many miles 
of railway track in British Railways 
Southern and Eastern regions have been 
awarded to The Air Survey Co. Ltd., a 
subsidiary of The Fairey Aviation Co. 
Ltd. This mapping forms part of the 
British Transport Commission’s 15- 
year £1200-million scheme to modern- 
ise British Railways. Flying operations 
have already started and all mapping is 
due to be completed early next year. 
The Transport Commission’s plans to 


replace the old steam locomotive with 
electric and diesel trains and to alter 
layout at many places in the railway 
system, call for detailed and large-scale 
maps. Many of the existing surveys are 
out of date, because numerous stations, 
goods yards, new bridges, and fly- overs, 
together with signalling and works in 
connection with the electrification, have 
been added to the system since they 
were prepared. 

The new maps will be used to plan 
new sections for general railway im- 
provement. The railway track itself will 
be photographed from a height of 
about 1500 feet to provide maps to a 
scale of 1:1250. 


Nuclear Engineering Course 


The New South Wales University of 
Technology in Sydney has decided to 
establish Australia’s first comprehensive 
course in nuclear engineering. The 
Vice-Chancellor, Prof. Baxter, said the 
object of the course was to prepare 
engineering graduates for the arrival of 
nuclear energy in Australia. Prof. 
Baxter, who led the Australian delega- 
tion to the Geneva Conference on 
Nuclear Energy, and Prof. L. C. 
Woods, will give lectures which will 
include material from the Geneva Con- 
ference. Prof. Woods was appointed 
recently to the Nuffield Research Chair 
of Mechanical Engineering. 


Two Universities Opened in Colombia 


Two new universities, the Free Univer- 
sity of Barranquilla and the San Luis 
Industrial University in Bogota, have 
been established in Colombia, the latter 
on the initiative of the Popular Bank of 
Colombia. 


Atoms for Asia 

A new Nuclear Centre for Asia, 
operated under the Colombo Plan, is to 
be established in the Philippines. The 
Centre was proposed by the United 
States at the Colombo Plan meeting in 
Singapore last October “‘as a means of 
putting atomic energy to work for the 
economic and social progress of Asia”’. 
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Classified Advertisements 


OFFICIAL APPOINTMENTS 








PPLICATIONS are invited for 


pensionable posts as 
EXAMINERS 
in the 
PATENT OFFICE 


to undertake the official scientific, tech- 
nical, and legal work in connexion with 
Patent applications. There is a small 
number of similar posts in the Ministry 
of Supply. 

Age at least 21 and under 35 years 
on January 1, 1956, with extension for 
regular Forces’ service. 

Selection Board will sit at frequent 
intervals; early application is advisable. 

Candidates must have (or obtain in 
1956) ist or 2nd class Honours in 
Physics, Chemistry, Mechanical or Elec- 
trical Engineering, or in Mathematics, 
or an equivalent qualification (e.g. 
A.M.I.M.E., A.M.IL.C.E., A.M.I.E.E., 
A.R.I.C.), but for a limited number of 
vacancies candidates with Ist or 2nd 
class Honours degrees in other subjects 
—scientific or otherwise—will be con- 
sidered. Candidates over 28 and under 


35 on January 1, 1956, will, excep- 
tionally, be admitted without these 
requirements if they have specially 


relevant experience. 

Starting pay for five-day week of 
42 hours in London between £605 and 
£1120 (men) according to post-graduate 
(or equivalent) experience and National 
Service. Maximum of scale £1345. 
Women’s pay above £605 somewhat 
lower but being improved under equal 
pay scheme. Good prospects of pro- 
motion to Senior Examiner rising to 
£2000 (under review) and reasonable 
expectation of further promotion to 
Principal Examiner. Scales for these 
grades under review. 

Application form and further parti- 
culars from Civil Service Commission, 
Scientific Branch, 30 Old Burlington 
Street, London, W.1, quoting S 128/56 
and stating date of birth. 





ASSISTANTS (SCIENTIFIC): The 
Civil Service Commissioners invite 
applications for pensionable posts. 

Age at least 174 and under 26 years 
of age on January 1, 1956, with exten- 
sion for regular service in H.M. Forces, 
but candidates over 26 with specialised 
experience may be admitted. 

Candidates must produce evidence of 
having reached a prescribed standard of 
education, particularly in a science or 
mathematical subject. At least two 
years’ experience in the duties of the 
class gained by service in a Government 
Department or other civilian scientific 
establishment or in technical branches 
of the Forces essential in one of the 
following groups of scientific subjects: 
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(11) Chemistry, bio-chemistry and 
metallurgy. 

(111) Biological sciences. 

(iv) General (including geology, 

meteorology, general work rang- 
ing over two or more groups (i) 
to (iii) and highly skilled work in 
laboratory crafts such as glass- 
blowing). 

Inclusive salary scale £340 (at 18) to 
£635 (men) or £561 (women). Starting 
pay up to £460 (men) or £424 (women) 
at 25. Women’s pay subject to improve- 
ment under equal pay scheme. Some- 
what less in provinces. Opportunities 
for promotion and for further education. 

Further particulars, for which you 
are advised to make early application, 
from Civil Service Commission, Scien- 
tific Branch, 30 Old Burlington Street, 
London, W.1, quoting No. S.59/56. 

Closing date December 31, but earlier 
application advised. 





APPOINTMENTS VACANT 








kSso PETROLEUM COM- 

PANY LIMITED havea number 
of specific appointments in their 
TECHNICAL DEPARTMENT at Fawley 
Refinery for graduate PROCESS ENGI- 
NEERS who have specialised in 
CHEMICAL ENGINEERING. 


The post of PROCESS ENGINEER in- 
volves Technical Advisory work 
embracing planning, economics, and 
design engineering aspects. Pro- 
cesses include Distillation, Catalytic 
Cracking, Hydroforming, Hydrode- 
sulphurisation, Chemical Treating. 
Lubricating Oil Production, and 
associated Utilities. 


There are opportunities for Manage- 
ment Training for promising men, 
and continued expansion of the 
Refinery ensures good prospects. 


It would be an advantage for 
Applicants to have experience in 
petroleum or allied industries. 


Starting salaries are based on age, 
qualifications,andexperience. There 
is a comprehensive Pension Scheme. 


Applications will be received in 
strict confidence and should be | 
addressed to Employee Relations 
Superintendent, ESSO PETROLEUM 
COMPANY LIMITED, Refinery Depart- 
ment, Dept. D., Fawley, Southamp- | 
ton. 

| 











HE RESEARCH ‘LABORATORIES 
of THE GENERAL ELECTRIC CO. LTD., 
North Wembley, Middlesex, have the 
following vacancies for graduates with a 
good honours degree: 

(a) PHYSICIST Or PHYSICAL CHEMIST to 


(b) PHySsiIcIST for research work on 
the preparation and appraisal of ferrite 
inductors for telecommunications. A 
general degree or higher national certi- 
ficate might be accepted as qualifications 
for this post. 

(c) PHYSICIST who is interested in dis- 
charge phenomena, for work of a 
fundamental nature on light sources. 


Candidates for these posts should be 
not older than 30 years of age, and if 
under 26 they must be free of National 
Service commitments. 

Please apply in writing to the Staff 
Manager (Ref. RLO/99), quoting (a), 
(b), or (c) as applicable, and giving 
full particulars of experience, quali- 
fications and age. 





BRITISH THOMSON-HOUSTON 
COMPANY LIMITED 


(THERE is a vacancy in the Research 
Laboratory at Rugby for a STAFF 
RESEARCH ASSISTANT to work in the 
Glass and Ceramic Group. A wide and 
interesting range of experimental work 
includes investigation of new materials 
for use in nuclear reactors. Applicants 
should possess G.C.E. at A level in 
physics and chemistry, and should not 
be liable for military service. 
Applicants are invited to write to the 
Director of Research, the British 
Thomson-Houston Co. Ltd., Rugby, 
giving details of their age, qualifications, 
and experience, quoting reference RH. 











work in the field of large area ger- 
manium and silicon functions, and on 
the development of semiconductor 
rectifiers. Some previous experience on 








(i) Engineering and physical sciences. 


semiconductors is desirable. 


THE 
ELECTRICAL RESEARCH 
ASSOCIATION 


invite applications from graduates 
in Physics for appointments in con- 
nexion with fundamental investiga- 
tions on the thermal behaviour of 
buildings, the storage of electrical 
energy as heat, and thermodynamic 
problems in new applications such 
as the heat pump and the use of 
solar energy. 


Positions are available for young 
graduates as well as for those 
with post-graduate training and 
experience. Salaries are based on 
experience and qualifications, and 
permanent employment comes with- 
in the F.S.S.U. 


Application should be made to 
The Personnel Officer (H), Elec- 
trical Research Association, 
Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey. 
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NUCLEAR POWER 





THE UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY (Industrial Group) 


has played a large part in the 
generation of electricity from nu- 
clear energy and in the production 
of fissile material. There are many 
problems still to be faced in the 
design and construction of proto- 
type nuclear power reactors. 
Increased efficiency and reduced 
costs are of vital importance. 


There are vacancies 


This will involve an increase in 
the scale of activity of the Research 
and Development Branch, which 
is responsible for the applied re- 
search and development work 
required for the design and opera- 
tion of new chemical plant and 
of prototype nuclear reactors. 


in the Research and Development 


Branch for Chemists, Chemical Engineers, Metallurgists, 
Physicists, and Engineers at salaries up to £1980 per annum 
with prospects for further advancement at the laboratories mentioned 
below. The laboratories are well equipped for the most modern 
techniques of research and development and for carrying out full-scale 
tests. The fields of work covered by these laboratories are briefly: 


WINDSCALE (Cumberland) 


Research and Development work 
concerned with the design and 
operation of nuclear reactors and 
industrial chemical processes for 
radio-active materials. The work 
involves general and _ nuclear 
physics, heat transfer and fluid 
dynamics, chemical engineering 
and the chemistry and metallurgy 
of radio-active materials and irra- 
diated metal. 


DOU NREAY (Caithness) 


This laboratory is on the site of 
the ‘‘fast-breeder reactor’ and a 
high flux materials testing reactor 
and staff will have to deal with 
novel problems in general and 
nuclear physics, engineering, 
chemical processing, and metal- 
lurgy. Pending completion of the 
laboratory, they will be expected 
to serve in an appropriate section 
of one of the other Research and 
Development Laboratories. 


SPRINGFIELDS (West Lancs.) 


Laboratory and pilot scale work 
on the extraction of unusual 
metals from their ores, the prepa- 
ration of pure metals and com- 
pounds and their fabrication into 
components for nuclear reactors. 
The work involves physical and 
inorganic chemistry, chemical 
engineering, reduction of metals, 
powder metallurgy, casting, mech- 
anical work, physical metallurgy, 
instrumentation, vacuum tech- 
niques, non-destructive testing 
and general physics. 


CAPENH URST (Cheshire) 


Development work in connection 
with the design of prototype 
nuclear reactors, diffusion plants 
and novel processes. The work 
involves applied physics, fluid 
dynamics, applied kinetic theory, 
mechanical engineering, heat 
transfer, liquid metals technology, 
fluorine chemistry and advanced 
instrumentation. 


CULCHETH (South Lancashire) 


Study of materials of construction 
and their properties with respect 
to nuclear reactors and associated 
chemical plant. The work involves, 
on the laboratory scale, extraction 
chemistry of rare and unusual 
metals, refractories, physical met- 
allurgy, deformation of metals, 
general physics, the melting and 
fabrication of metals, powder 
metallurgy, and corrosion. 


RISLEY (South Lancashire) 


At the Headquarters of the In- 
dustrial Group there are teams of 
scientists who advise the Lab- 
oratories and the Design and 
Operations Branches on physical, 
chemical, engineering and the 
metallurgical problems. Theoret- 
ical studies on advanced physical, 
mathematical and engineering 
problems are carried out, and 
process evaluations and chemical 
flowsheets prepared. There is a 
small section dealing with the 
planning and technical adminis- 
tration of the Research and 
Development Branch, and a 
Library and Information Service. 


All posts are permanent and pensionable. Houses will be available in 
many cases within a reasonable time. 


Send postcard for further particulars including details of minimum 


qualifications required. 


SENIOR RECRUITMENT OFFICER 


U.K.A.E.A. 


INDUSTRIAL GROUP HEADQUARTERS 


RISLEY - WARRINGTON - 


LANCS 


Please quote reference 1649 























The Research Laboratories of the General 
Electric Co. Ltd., North Wembley 
Middlesex 


invite applications from graduate 


* Physicists 
Electrical and Mechanical 
Engineers 


* Chemists and 
Metallurgists 


to strengthen teams which are engaged on an expanding 
programme in various fields of research and develop- 
ment work. Successful candidates can expect good 
prospects of obtaining future positions of high remuner- 
ation within the company. 


Applicants should hold a good honours degree and must be 
free of national service commitments if under 26 years of age. 


There are also a number of other posts available to men with 
a pass degree or Higher National Certificate. 


Please apply in writing to the Staff Manager (Ref. 
RLO/103/D), giving full particulars of qualifications, 
experience and age. 
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NELSON RESEARCH LABORATORIES 


ENGLISH ELECTRIC CO. LTD. 
STAFFORD 


METALLURGY 


Applications are invited for appointments in the 
Metallurgical Department of the Nelson Research 
Laboratories. This is the Central Research 
Organisation of the English Electric Group and is 
situated in new buildings in pleasant country sur- 
roundings two miles from Stafford. 


A wide range of interesting posts is available at 
various levels in the following fields: 


Metal Joining 

Power Metallurgy 

Magnetic Materials 

Alloy Development 

Physical Metallurgy 

Specialised Examination Techniques 


Whilst the positions are, in general, suitable for 
Honours Graduates, in certain cases other quali- 
fications will be considered. 


Apply, in writing, to Dept. C.P.S., 336/7 Strand, 
W.C.2, quoting Ref. D 914E. 
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POTEET TTL THETA pe } 
' | 4 T 
The Research Laboratories THE ENGLISH ELECTRIC COMPANY LTD. ! 
of the General Electric me oes | 
Co. Ltd., North Wembley invite applications from | 73 
Middlesex | . 
PHYSICISTS . 
have the following vacancies for graduates PHYSICAL CHEMISTS | 
with a good honours degree: | | 
METALLURGISTS | 54 
(a) ELECTRICAL ENGINEER OR PHYSICIST for work on 
establishing techniques for measuring the characteristics MATHEMATICIANS | ‘ 
of Semiconductor Power Rectifiers, and for investigating 4! 
problems which arise when using series-parallel assemblies ENGINEERS 2 
of these rectifiers. ( 
Candidates should preferably have had two or three years for posts in the MECHANICAL ENGINEERING LABORA- t 
post-graduate research experience. : : , 
TORIES, recently established in rural surroundings i 4 
(6) ELECTRICAL ENGINEER, MATHEMATICIAN OR near Leicester. These laboratories are undertaking | 
PHYSICIST for work in connection with Line Communica- fundamental research and development work on a | pa 
tions. This includes the design of measuring equipment, wide variety of problems including lubrication 
the development of system equalisation techniques, and h dv , fluid d Pw h f , } 
general network prob ems. thermodynamics, fluid dynamics, heat transfer. 
ic} CLES URICAL OF HESHAM IEA. Cnewa as for general The Mathematics Section is using a digital com- ) We 
a ee ee putor for some of the theoretical investigations. _ ma) 
(7) ELECTRICAL ENGINEER for work on the development Important fields of application of the work are: | ; 
of prototvpe Radiant Heating Equipment. A Pass degree | Op 
or Higher National Certificate might be accepted as ATOMIC POWER cul; 
qualification for this post. 
Candidates should not be older than 30 years of age, and if ELECTRICAL MACHINERY | 
under 26 they must be free of national service commitments. 
AIRCRAFT & GUIDED WEAPONS 
Please apply in writing to the Staff Manager (Ref. RLO/106), 
giving full particulars of qualifications, experience and age, and , , 
quoting (a), (b), (c) or (d) as applicable. Applications should be addressed to Dept. C.PS., 
336/7 Strand, W.C.2, quoting reference D 1800E. | 
PUNTO TETUATEA ER LEGLUUL CARTERET ENT CERCA EEE LUTEUM LOTTE UOTE ECMO UCR ECH CERT ORCR CHEAT) r | — 
; . ane _ : | ma 
ATOMIC POWER 
The English Electric Co. Ltd., at Whetstone, near Leicester, offers permanent and interesting 
careers for Graduates and for Assistants in 
ENGINEERING 
PHYSICS 
CHEMISTRY pA 
METALLURGY 
If you are interested in entering this new realm of Atomic Power Research and Development, | 
please write to Dept. C.P.S., 336/7, Strand, W.C.2, quoting Ref. D.1800F. 
LECTURES AND COURSES SOCIETIES i 
COLOURFUL BRITAIN 
FARADAY HOUSE 
ELECTRICAL ENGINEERING THE BRITISH CALENDAR 1957 | ' 
COLLEGE INTERPLANETARY SOCIETY 
THREE-YEAR COURSE, com- 12 Bessborough Gardens, 12 full-colour photographs 








+% mencing each term, in Electrical London, S.W.1 


Engineering to qualify for Associate of 


Price 5/11 (postage 1 /-) 





Faraday House and Graduate of the 
Institution of Electrical Engineers, fol- 
lowed by one year’s practical training 
in Industry to qualify for the Diploma 
of Faraday House. For Prospectus 
apply to Department “E”, Faraday 
House Electrical Engineering College, 
66 Southampton Row, London, W.C.1. 








MEMBERSHIP and Fellowship is 
open to all interested in space- 
flight, rocket engineering and astronomy. 
Full particulars of membership, to- 
gether with a free copy of the Society’s 
Journal and programme of lectures in 
London and many provincial towns, 
will be sent on request. 





Obtainable from newsagents or 


direct: 


JARROLD & SONS LTD, NorRwICH 








Printed and published in Great Britain by Jarrold & Sons Ltd., Norwich 


Editorial Office: 244 High Holborn, W.C.1 











a 2 Pella 

















7 New and Secondhand TECHNICAL BOOKS 
| ° WE CAN OFFER 
B | Felescopes, Mirrors, Accessories STOCK. A selection of some 18,000 current and standard books, 
, LTD ) q k British and Da apes ye Fs branches of science and technology 
: . } -. o , well-classified for quick reference. 
| Four special items from our stoc¢ SHOWROOMS. Modern, spacious and well-equipped. on three 
| oors close to Marble Arch. Technical books on first floor. 
73 in. Cooke refractor, equatorial mount, — POSTAL SERVICE. Our Mail Order Dept. prides itself upon 
speed of despatch and regularly supplies some of the largest 
on heavy iron column. Re-finished lite om industrial undertakings in Britain and overseas. You can order 
first quality object glass, battery of eyepieces. by post with confidence if unable to call. 
: JOURNALS. Annual subscriptions taken for any British or 
| micrometer, etc. a journal in any language. Customers are advised before 
° _ subscriptions expire. 
) + In. Cooke refractor, altazimuth mount, finder, STAFF. Experienced, well-trained and eager to assist you. They 
| garden tripod. have an excellent knowledge of the books in their care. 
Call, write or phone 
41 in. Cooke refractor, equatorial mount, hour and “BOOKS & CAREERS” 
“declination circles, finder, 4 eyepieces, garden 485 Oxford Street, London, W.1 
| tripod GRO 5664 (5 lines) | min. Marble Arch 
_ABORA- | ; 
undings -~_ 4in. Cooke refractor, slow motions, finder, 6 eye- 
— | pieces, sun and star diagonals, garden tripod. 
rK Ona 
ication, Full particulars of these and other 
fer. telescopes in stock on application 
al com- | ki We can offer a wide range of microscopes by leading 
gations. =| —« manufacturers, overhauled throughout and guaranteed 
are: 


optically and mechanically. Your enquiries for parti- 
cular items of scientific apparatus welcomed. 


} 
me RE K AR 244 High Holborn 





for problems like these 








London W.C.1 Pocket Size but as 
[INSTRUMENTS LTO) HOLborn 1427 








CPS. e 3 

800E. accurateasa 5 ft. 6 in. sliderule 
(A subsidiary of C. Baker of Holborn Ltd.) 7 . 

iene The Otis King Calculator, with its 66-in. scales, is 

stiiieidiidiiaaianai more useful than any ordinary slide-rule. Problems 


| like the above—and of course others less compli- 
cated—are solved in a few seconds: accurate results 


| 
r@ 1 
udy aad o iT? to four or five significant figures can be read. 
St at © Yet the Otis King Calculator is handy enough and 








sturdy enough to be carried regularly in your 
FOR THE pocket. eh measures only 6 in. xX 1} in. 
It is strongly made in metal with almost ever- 
LONDON 3 Sc lasting plastic coated scales. 
UNIVERSITY ad And it costs only 57s. 6d. post free. 
Degree If you have any use for this amazing little 
instrument send the form below today. Unless you 


> a Tuere is an increasing demand for graduates in are completely satisfied your money will be 


funded in full 
Science, particularly in industry, which offers in- —— ‘ 
teresting careers with pone prospects. You Carbic Ltd., 54 Dundonald Rd., London, S.W.19 
may — ~ London University Entrance, In- The 
termediate and Final B.Sc. (General or Special) at 
home and in your spare time by means of the OTIS K i mG 
individually-conducted Postal Courses provided by 
: Wolsey Hall (founded in 1894). Fees are moderate, Pocket Calculator 
' and may be spread over the period of the Course. 
‘ Prospectus may be obtained from C. D. Parker, 
TAIN } M.A., LL.D., Director of Studies, Dept. WM 84, —Pan er a a on an ae 


87 | | WOLSEY HALL, OXFORD a cones, 


| Herewith cheque for 57s. 6d. Please send me 
one Otis King Calculator on your guarantee 
otaphs that if I return it within 7 days, you will 


refund the money in full. 
-1/-) | CHARLES PORTASS & SON 























Send this form today 
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Dreadnought Lathes (BLOCK LETTERS, PLEASE) | 
gents or FOR RESEARCH 
; From £22.10.0 Ny sch to- idaho erde ee be oem | 
To £350.0.0 
NoRWICH | 


Contractors to Admiralty 
and War Office 


Dept. D. Buttermere Works, Sheffield 8 
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Today, when Mrs. Smith of London rings her sister in New York, 
her voice is heard crystal-clear over 3,000 miles away. This modern miracle of 
communication is made possible by a new telephone cable system—just completed— 


the first to link the New World with the Old. 


Deep Sea And insulating it along the ocean-miles between Oban in Scotland 


and Clarenville in Newfoundland is the selfsame material 


® 
di alo 4 ue used for the plastic washing-up bowl in Mrs. Smith’s kitchen sink! 


This is polythene, discovered and developed by 


I.C.I. scientists and found today in an ever-increasing range of products—not only 


in industry, but in our very homes. It is helping to bring television to our fire-sides, 
to make unbreakable toys and handy squeeze bottles for cosmetics. 
It even pipes cold water supplies and, as a packaging film, protects many of our foodstuffs. 
With its remarkable range of properties, ‘Alkathene’—as I.C.I.’s polythene is called— 


has become one of the world’s most versatile materials. 


Thus, and in a thousand kindred ways, I.C.I.’s research 


and production are serving the Nation. 














